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Two new f l u o r e s c e n t - l a b e l l i n g techniques f o r s t u d y i n g 
p e p t i d e t r a n s p o r t are d e s c r i b e d . 
A p e p t i d e t r a n s p o r t system has been demonstrated i n a 
high e r p l a n t t i s s u e , the s c u t e l l u m of g e r m i n a t i n g b a r l e y 
embryos. This system has been e x t e n s i v e l y c h a r a c t e r i z e d , 
and found t o have many s i m i l a r i t i e s t o p e p t i d e t r a n s p o r t 
systems i n microorganisms and mammalian t i s s u e s . Evidence 
has a l s o been ob t a i n e d f o r the exis t e n c e of a p e p t i d e 
t r a n s p o r t system i n the membrane of an i n t r a c e l l u l a r 
o r g a n e l l e , p o s s i b l y the vacuole. 
Peptide t r a n s p o r t i s an a c t i v e process and appears t o 
r e q u i r e the p r o d u c t i o n of a proton g r a d i e n t across the 
plasmalemma. D i s r u p t i o n of the pr o t o n g r a d i e n t not o n l y 
i n h i b i t s p e p t i d e t r a n s p o r t , but also causes general exodus 
of amino acids from the embryo and a f f e c t s amino a c i d 
metabolism. 
Considerable pools of small peptides have been d e t e c t e d 
i n both the endosperm and embryo of the g e r m i n a t i n g b a r l e y 
g r a i n . The c o n c e n t r a t i o n s of peptides achieved i n the endo-
sperm are of the r i g h t order of magnitude f o r t he e f f i c i e n t 
o p e r a t i o n of the p e p t i d e t r a n s p o r t system. I t seems t h a t 
the uptake of small peptides by the s c u t e l l u m of g e r m i n a t i n g 
b a r l e y embryos i s of c o n s i d e r a b l e importance i n the t r a n s f e r 
of n i t r o g e n from the endosperm t o the embryo d u r i n g t h e 
m o b i l i z a t i o n o f the p r o t e i n storage r e s e r v e s . 
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I n the l a s t dozen or so years, the uptake of small 
peptides has been shown to be of considerable importance 
i n the n u t r i t i o n of mammals and both prokaryotic and 
eukaryotic microorganisms. Considering the extensive body 
of information which i s c u r r e n t l y a v a i l a b l e , r e l a t i n g to the 
occurrence and mechanism(s) of peptide transport i n these 
organisms, i t i s perhaps s u r p r i s i n g that the p o s s i b i l i t y 
t h a t plant c e l l s might a l s o absorb and u t i l i z e peptides has 
r a r e l y been considered. However, i n view of the wide 
v a r i e t y of organisms i n which peptide transport i s now 
known to be important, and the s e v e r a l advantages inherent 
i n the absorption of peptides rather than fre e amino acids 
( s e c t i o n 1.1.7), i t seems l i k e l y that, i n c e r t a i n plants a t 
l e a s t , peptides w i l l play an important r o l e i n the uptake of 
e x t r a c e l l u l a r nitrogen. This study was undertaken i n an 
attempt to determine a possible r o l e for peptide transport 
i n p l a n t s , i n p a r t i c u l a r during the germination of b a r l e y 
g r a i n s . 
Despite the v i r t u a l absence of any l i t e r a t u r e p e r t a i n i n g 
to peptide transport i n p l a n t s , there i s a considerable body 
of information d i r e c t l y relevant to the work described i n 
t h i s t h e s i s . Three important areas of i n t e r e s t must be 
considered, each of which i s reviewed below: 
- 3 -
( i ) Peptide Transport i n Animals and Microorganisms 
C l e a r l y , i n attempting to demonstrate a r o l e for 
peptide transport i n plant c e l l s , i t i s pertinent to consider 
the a v a i l a b l e evidence concerning peptide transport i n other 
organisms. I n p a r t i c u l a r , i t w i l l be of i n t e r e s t to compare 
the nature and mechanism(s) of peptide transport i n plants 
( i f such a system may be demonstrated) with s i m i l a r systems 
i n other organisms, i n r e l a t i o n to the environment i n which 
they operate; differences between species might be expected 
to r e f l e c t s p e c i f i c b i o l o g i c a l functions. This i s e s p e c i a l l y 
r e l e v a n t i n the case of germinating ba r l e y grains which 
d i f f e r from other species so f a r examined i n that, i f a 
transport system e x i s t s , i t w i l l operate i n a c o n t r o l l e d 
environment. Thus, while protein digestion i n the endosperm 
i s no doubt v a r i a b l e , the s i z e , amino a c i d composition and 
concentration of peptides presented to the putative 
transport system w i l l only vary w i t h i n c e r t a i n defined 
l i m i t s . T h is i s i n marked contrast with the large and often 
random f l u c t u a t i o n s of a v a i l a b l e peptides which b a c t e r i a , 
fungi and to some extent animals, encounter i n t h e i r n a t u r a l 
environments• 
( i i ) P lant Peptides 
The r o l e of peptide transport i n plant systems i s 
c l e a r l y r e l a t e d to the a v a i l a b i l i t y of s u i t a b l e s u b s t r a t e s . 
- k -
However, our understanding of the d i s t r i b u t i o n and functions 
of plant peptides has lagged f a r behind that i n animals and 
microorganisms? the most recent review on the sub j e c t was 
published more than ten years ago (Synge, 1968). Thus, the 
l i t e r a t u r e pertaining to plant peptides i s reviewed below, 
i n an attempt to i l l u s t r a t e the p o t e n t i a l importance of 
t h i s group of compounds and consequently, s i t u a t i o n s i n 
which peptide transport systems might operate. 
( i i i ) B arley 
The germinating b a r l e y grain was se l e c t e d as a s u i t a b l e 
system, both amenable to study and i n which a peptide 
transport system(s) might be expected to operate. The 
reasons for t h i s s e l e c t i o n are discussed. I n addition, the 
existence of a peptide transport system must be r e l a t e d to 
i t s p ossible function i n vivo? i n t h i s respect an under-
standing of the mobilization of the nitrogenous storage 
reserves of the bar l e y grain i s a l s o e s s e n t i a l . 
1.1 Peptide Transport i n Animal and Microbial Systems 
Although i n higher plants 'peptide transport' could 
imply symplastic c e l l - t o - c e l l t r a n s f e r or the long-distance 
movement of peptides i n the phloem and xylem, the use of 
the term here w i l l be r e s t r i c t e d to the transmembrane 
transport of peptides. 
A number of recent and comprehensive reviews have 
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appeared on the subject of peptide transport i n both 
animal t i s s u e s and microorganisms, to which the reader i s 
r e f e r r e d (Matthews, 1975; Matthews & Payne, 1975a; Payne, 
1976, 1977; Matthews & Payne, 1979). Consequently, the 
topic w i l l only be surveyed b r i e f l y below; c e r t a i n aspects 
w i l l be d e a l t with i n more d e t a i l elsewhere, i n r e l a t i o n to 
the barley peptide transport system. 
1.1.1 D i s t i n c t i o n Between Amino Acid and Peptide Transport; 
Relationship to Peptidase A c t i v i t y 
Any organism able to u t i l i z e e x t e r n a l l y supplied 
peptides to support growth must be able to hydrolyse these 
peptides to amino a c i d s . However, h y d r o l y s i s could occur 
before, during, or a f t e r transport across the c e l l u l a r 
membrane; a number of t h e o r e t i c a l models may be envisaged 
(figure 1.1). I n models A and B peptides are hydrolysed 
e x t r a c e l l u l a r l y , e i t h e r by free or by membrane-bound 
peptidases. The cleavage products may d i f f u s e away; 
subsequent absorption involves the amino a c i d permeases. 
Such mechanisms, operative i n c e r t a i n b a c t e r i a , do not 
require the existence of a d i s t i n c t peptide transport 
system. 
Models C and D are examples of a group t r a n s l o c a t i o n 
mechanism; h y d r o l y s i s occurs during transport. They 
d i f f e r i n the sequence i n which the t r a n s l o c a t i o n and 
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Figure L J j T h e o r e t i c a l Models 
f o r Peptide U t i l i s a t i o n 
The cytoplasmic membrane 
(cross-hatched) c o n t a i n s 
v a r i o u s c a r r i e r s ( p l a i n ) . 
Arrows represent peptidase 
a c t i v i t y . The c e l l e x t e r i o r i s 
above the membrane, the c e l l 
i n t e r i o r below. See t e x t f o r 
d i s c u s s i o n . (Redrawn from Payne, 
1977.) 
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hydrolytic steps occur. In model C, hydrolysis occurs 
f i r s t and the molecular species translocated are the free 
amino acids. I n D, however, the intact peptide i s trans-
located across the membrane, although hydrolysis i s 
obligatory before the peptide may be released inside the 
c e l l . Any number of situations intermediate between C and 
D could occur. These two models do not require the 
operation of amino acid permeases and may therefore be 
considered as forms of peptide transport. 'True 1 peptide 
transport, however, i s i l l u s t r a t e d by model E. Peptides 
are released intact within the c e l l and only subsequently 
hydrolysed. 
Thus, the a b i l i t y to u t i l i z e a peptide does not 
necessarily imply the existence of a peptide transport 
system. Although i t i s quite often possible to demonstrate 
that peptide uptake i s independent of the amino acid 
permeases ( i . e . models A and B are not operative) i t i s 
generally d i f f i c u l t to exclude the p o s s i b i l i t y of hydrolysis 
during transport (models c and D) and to prove that the 
peptide i s actually transported i n t a c t . 
There i s now considerable evidence to show that, i n 
many species, peptide uptake i s not only independent of 
free amino acid uptake but also that peptides cross the 
plasmalemma i n t a c t . 
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( i ) The uptake of amino acids i s often very much faster 
when presented as a peptide than i n thei r uncombined form. 
( i i ) While peptides mutually compete for transport, amino 
acids do not i n h i b i t peptide transport or vice versa, 
( i i i ) Even when the amino acid transport system(s) i s 
prevented from operating, by saturation with a second 
substrate, peptides may s t i l l be absorbed (Adibi, 1971; 
Cook, 1973f Cheesem^n & Persons, 1974). 
(iv) E x t r a c e l l u l a r peptidases are absent* While t h i s i s 
the case i n many bacteria and yeasts, i t i s now clear that 
i n the mammalian gut, extracellular or membrane-bound 
peptidases may contribute s i g n i f i c a n t l y to the u t i l i z a t i o n 
of peptides (Ugolev & de Laey, 1973; Ugolev et a l M 1977) . 
(v) The most convincing evidence for the di s t i n c t i o n 
between amino acid and peptide uptake comes from the study 
of transport mutants* In bacteria (Payne, 1968; de F e l i c e 
est a l . , 1973; Barak & Gilvarg, 1974) and yeast (Marder 
et a l . , 1978; Nisbet & Payne, 1979b), peptide transport-
deficient s t r a i n s are s t i l l able to absorb amino acids. 
Similarly, s t r a i n s lacking amino acid permeases can 
u t i l i z e peptides (Guardiola & laccarino, 1971). i n the 
mammalian gut, certain diseases are associated with the 
absence of amino acid permeases. In two such cases, 
Hartnup disease (Asatoor et a l . , 1970; Leonard et a l . , 1976) 
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and cystinuria (Asatoor et a l . , 1971; H e l l i e r et a l . , 1972), 
peptides are s t i l l absorbed despite the i n a b i l i t y to absorb 
the corresponding free amino acids. 
(vi) While i t seems clear that peptide transport operates 
independently of the amino acid permeases, i t has proved 
much more d i f f i c u l t to demonstrate that hydrolysis i s not 
an integral part of the transport process i t s e l f . The 
fa c t that transport-deficient mutants s t i l l possess the 
normal complement of peptidases indicates the two processes 
are separate. However, the most convincing evidence comes 
from the intact uptake of peptidase-resistant substrates. 
Thus, carnosine and peptides containing N-methylated peptide bonds 
(sarcosine-containing peptides; f i g . 1.2) are absorbed i n t a c t by the 
mammalian gut (Addison et a l . , 1972, 1975a; Matthews 
et a l . , 1974). 
Figure 1.2 Structures of Sarcosine and Glycvlsarcosine 
H 0 CH* H I I I I I 
C - N - C - C O O H 
3 . . > N - C - C 0 0 H H 2 N - C - - N - C -
H H H 
Sarcosine Glycylsarcosine 
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S i m i l a r l y , sarcosine-containing peptides are taken up i n t a c t by-
b a c t e r i a (Payne, 1972a; Payne & B e l l , 1979) and y e a s t 
(Nisbet & Payne, 1979a). The a b i l i t y of other peptides to 
compete f o r transport with sarcosine-containing peptides i n d i c a t e s 
t h a t a l l peptides enter through the same astern which a t l e a s t 
has the p o t e n t i a l of operating independently of h y d r o l y s i s . 
1.1.2 Occurrence of Peptide Transport Systems 
Studies i n the animal kingdom have been almost 
e x c l u s i v e l y confined to mammalian systems. Peptide t r a n s p o r t 
has been demonstrated i n the i n t e s t i n e of many species and 
seems to be of considerable importance i n the absorption of 
digested protein (Matthews, 1975). Although much l e s s i s 
known about other t i s s u e s , i t i s c l e a r that peptide t r a n s p o r t 
i s not confined to the gut. S l i c e s of many t i s s u e s , 
i ncluding l i v e r , kidney (Burston e t a l . , 1977), muscle 
(Nutzenadel & S c r i v e r , 1976) and b r a i n (Abraham e t a l . , 
1964; Yamaguchi e t a l * , 1970), can absorb peptides i n t a c t , 
apparently by an a c t i v e mechanism. Peptides i n j e c t e d i n t o 
the blood stream are a l s o absorbed by many t i s s u e s (Adibi, 
1977). I n addition, s e c r e t i o n and absorption of peptides 
seems to be of importance i n the functioning of the r e n a l 
tubules (see Matthews & Payne, 1975b). Peptides may a l s o 
e x e r t a considerable influence on the growth of mammalian 
c e l l s i n c u l t u r e , both s p e c i f i c a l l y and as sources of 
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i n d i s p e n s i b l e amino acids (Grahl-Nielsen e t a l . , 1974). 
As y e t , peptide transport has not been described i n 
animal species other than the v e r t e b r a t e s . The only s p e c i e s 
so f a r examined, Tetrahymena thermophilia, does not seem to 
absorb peptides i n t a c t (Rasmussen & Zdanowski, 1979). 
Fungi are a l s o able to absorb peptides i n t a c t . The 
peptide transport system(s) of the yeast, Saccharomvces 
c e r e v i s i a e , has now been studied i n some d e t a i l (Becker & 
Naider, 1979; Nisbet & Payne, 1979a). I n addition, 
peptide transport has been demonstrated i n a second yeast, 
Candida albicans ( L i c h l i t e r e t a l . , 1976), and the m y c e l i a l 
Ascomycete, Neuroapora c r a s s a (Wolfiribarger & Marzluf, 
1975a,b). 
Many b a c t e r i a l species have been shown to absorb 
peptides. Apart from E s c h e r i c h i a c o l i , which has been most 
i n t e n s i v e l y studied (Payne, 1977), peptide t r a n s p o r t has 
been demonstrated i n such diverse genera as Salmonella 
(Ames et a l . . 1973? Jackson e t a l . , 1976), Leuconostoc 
(Mayshak e t a l . , 1966), Pseudomonas ( C a s c i e r i & Malle t t e , 
1976), and Streptococcus (Law, 1978). However, i t should 
not be assumed that a l l b a c t e r i a l peptide transport systems 
are s i m i l a r to those of E . c o l i ? a number of d i f f e r e n c e s 
between species have already become apparent (see b e l w ) . 
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1.1.3 Number of Peptide Transport Systems 
C e l l s generally possess s e v e r a l r e l a t i v e l y s p e c i f i c 
amino a c i d permeases, each capable of handling a l i m i t e d 
number of s t r u c t u r a l l y r e l a t e d amino a c i d s . However, the 
wide v a r i e t y of peptides which could a r i s e as a r e s u l t of 
prot e i n h y d r o l y s i s (400 dipeptides, 8000 t r i p e p t i d e s , e t c . ) 
makes a s i m i l a r p r o l i f e r a t i o n of r e l a t i v e l y s p e c i f i c 
peptide permeases extremely u n l i k e l y . I t seems to be a 
general r u l e that most, i f not a l l , peptides are handled by 
a l i m i t e d number of transport systems of broad s p e c i f i c i t y . 
E . c o l i has two separate peptide transport systems, one 
for dipeptides and one for oligopeptides (Payne, 1968) . 
The oligopeptide system i s a l s o capable of handling 
dipeptides, although rather poorly. However, i t i s not 
c l e a r how widespread t h i s d u p l i c i t y of systems i s amongst 
the b a c t e r i a . Although Salmonella (Ames et al.# 1973; 
Jackson e t a l . , 1976) and Pseudomonas ( c a s c i e r i & Ma l l e t t e , 
1976) both seem to have a d i - and an oligopeptide system, 
there are i n d i c a t i o n s t h a t Staphy1ococcus aureus (Kenig & 
Abraham, 1976; Kenig e t a l . , 1976) and c e r t a i n S t r e p t o c o c c i 
(Law, 1978) may only have a s i n g l e system. 
I n eukaryotes, a t l e a s t f o r those so f a r examined, 
there i s no evidence f or separate d i - and oligopeptide 
transport systems. I n the mammalian gut the bulk of evidence 
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i n d i c a t e s that d i - and t r i p e p t i d e s are transported by 
the same system (Sleisenger e t a l , , 1976). S i m i l a r l y , the 
yeast Saccharomyces c e r e v i s i a e has a s i n g l e system which 
handles both d i - and oligopeptides (Marder e t al.# 1978; 
Nisbet & Payne, 1979a,b). Neurospora c r a s s a a l s o has a 
s i n g l e system, although i n t h i s species i t i s apparently 
unable to handle dipeptides (Wolfiribarger & Marzluf, 1974, 
1975b). 
While the above-mentioned organisms a l l possess 
systems of broad s p e c i f i c i t y , there have been suggestions 
that a d d i t i o n a l systems may a l s o be present, tfhus, i n 
addition to the general oligopeptide permease, there have 
been reports that both E . c o l i (Barak & Gi l v a r g , 1975; 
Naider & Becker, 1975) and Salmonella typhimurium (Jackson 
e t a l , , 1976) may possess a fu r t h e r oligopeptide system(s) 
with r e s t r i c t e d substrate s p e c i f i c i t y . S i m i l a r l y , there 
have r e c e n t l y been suggestions t h a t more than one system 
may be present i n the mammalian gut (Gupta & Edwards, 1976) ; 
a f u r t h e r system s p e c i f i c to peptides of four or more 
residues has a l s o been implied (Chung e t a l . , 1979). 
However, these reports require f u r t h e r assessment before the 
presence of a d d i t i o n a l transport systems can be f u l l y 
accepted. 
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I n addition to the general " n u t r i t i o n a l 1 peptide 
transport systems which we are mainly concerned with here, 
the p o s s i b i l i t y of separate systems for the movement of 
s p e c i f i c peptides (e.g. peptide hormones) must be borne i n 
mind. 
1.1.4 S t r u c t u r a l Requirements for Peptide Transport 
Considerable e f f o r t has been invested i n determining 
the s t r u c t u r a l requirements for peptide transport. Peptides 
are p a r t i c u l a r l y s u ited to such studies s i n c e , u n l i k e the 
substrates f o r most transport systems, an enormous v a r i e t y 
of s t r u c t u r e s , d i f f e r i n g i n such parameters as s i z e , shape, 
hydrophobicity, pK and charge, i s r e a d i l y a v a i l a b l e , a l l of 
which may be handled by the same permease. Information 
which could p o t e n t i a l l y emerge from such studies includes 
the number of transport systems involved, the shape of the 
'receptor s i t e ( s ) 9 on the putative transport protein, the 
need for and possible function of co-substrates (e.g. Na +, 
H + ) , and the separation of the sequential steps of transport 
(e.g. binding, t r a n s l o c a t i o n , r e l e a s e ) with the eventual 
aim of understanding the mechanism by which mediated 
transport i s achieved. I n terms of the a c t u a l mechanism 
of peptide transport, i t i s c l e a r l y important to determine 
the r e l a t i o n s h i p , i f any, between peptide transport and 
peptidase a c t i v i t y ( s e c t i o n 1.1.1); the use of chemically 
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modified peptides has been of key importance here. An 
understanding of the s t r u c t u r a l requirements for peptide 
transport i n microorganisms had a l s o led to the design of 
a f f i n i t y l a b e l s for the peptide permease (Staros & Knowles 9 
1978) and development of the 'smugglin' concept, the 
p o s s i b i l i t y of f e r r y i n g normally impermeant molecules i n t o 
a c e l l , attached to a peptide (Ames e t a l , , 1973; F i c k e l & 
G i l v a r g , 1973). This concept has many important a p p l i c a t i o n s , 
e s p e c i a l l y i n metabolic studies (Ames e t a l . , 1973) and the 
design of s p e c i f i c a n t i m i c r o b i a l agents ( L i c h l i t e r e t a l . , 
1976; A l l e n e t . a l . , 1978; Ringrose, 1979). 
1.1.4.1 Peptide Chain Length 
I n a l l organisms so f a r examined there seems to be an 
upper l i m i t to the s i z e of peptide which may be absorbed. 
I n E . c o l i , the dipeptide system i s r e s t r i c t e d to peptides of 
two r e s i d u e s . S i m i l a r l y , the oligopeptide system, despite 
i t s name, i s unable to accommodate peptides of more than 
about f i v e r e s i d u e s . I t appears tha t the c u t - o f f point i s 
dependent, not upon chain length, but the o v e r a l l hydro-
dynamic volume (Stokes 1 radius) of the peptide. This i s 
inte r p r e t e d as a s i e v i n g e f f e c t of the outer c e l l membrane, 
rathe r than s t e r i c hindrance a t the transport s i t e i t s e l f 
(Payne & G i l v a r g , 1968b; Decad & Nikaido, 1976). 
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I n eukaryotes the s i t u a t i o n i s rather l e s s c e r t a i n . 
While i t i s known that both d i - and t r i p e p t i d e s may be 
transported, i t i s not yet c l e a r whether l a r g e r peptides may 
be handled. Neurospora c r a s s a i s apparently unable t o 
u t i l i z e peptides with a hydrodynamic volume greater than 
t r i l e u c i n e . I n t h i s case i t seems that the r e s t r i c t i o n i s 
a t the transport s i t e i t s e l f , rather than by the c e l l w a l l 
(Wolfiribarger & Marzluf, 1975a). However, nothing more 
s p e c i f i c i s known about the maximum s i z e of peptide which 
can be handled. 
I n y e a s t s , i t has been reported t h a t peptides with as 
many as f i v e residues may be absorbed (Naider e t a l . , 1974; 
L i c h l i t e r e t a l . , 1976), although here the p i c t u r e i s 
complicated by s t r a i n d i f f e r e n c e s ; c e r t a i n s t r a i n s are 
apparently unable to u t i l i z e peptides of more than three 
residues (Marder e t a l . , 1977). I t i s conceivable t h a t the 
yeast peptide transport system i s l i m i t e d to d i - and t r i -
peptides; the u t i l i z a t i o n of l a r g e r peptides may be 
subsequent to p a r t i a l e x t r a c e l l u l a r h y d r o l y s i s . However, the 
tetrapeptide Gly-Sar-Sar-Sar i s absorbed i n t a c t (T.M. 
Nisbet, personal communication). Assuming t h a t t h i s peptide 
i s handled by the same system as d i - and t r i p e p t i d e s , t h i s 
implies t h a t the yeast peptide transport system i s able to 
accommodate substrates with more than three r e s i d u e s . 
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I n the mammalian gut i t has generally been accepted 
t h a t uptake i s r e s t r i c t e d to d i - and t r i p e p t i d e s (Adibi & 
Morse, 1977), although these studies have often been based 
on r a t h e r unrepresentative peptides (section 3.2.3.2). 
Recent suggestions that c e r t a i n tetrapeptides may be 
absorbed quite p o s s i b l y represent an e n t i r e l y separate 
system (Chung et a l . , 1979). 
There have a l s o been a few reports t h a t c e r t a i n 
b a c t e r i a (Pittman e t a l . , 1967) and mammalian c e l l s (Grahl-
Nielsen e t a l . , 1974) may be able to absorb l a r g e r peptides, 
of up to ten r e s i d u e s . However, such s i t u a t i o n s do not 
seem to be the general r u l e ; besides i t has yet to be 
demonstrated that uptake i s i n t a c t , rather than dependent 
upon e x t r a c e l l u l a r h y d r o l y s i s . 
1.1.4.2 Amino Acid Side Chains 
I n order to obtain e f f i c i e n t u t i l i z a t i o n of a mixture 
of protein-derived peptides, i t might be expected t h a t 
peptide transport systems w i l l l a c k s p e c i f i c i t y f o r the 
amino a c i d s i d e chains. Studies involving competition f o r 
transport, mutants for the transport system, and the uptake 
of chemically modified peptides, have shown t h i s i s indeed 
the case. However, while a v a s t array of peptides may be 
transported by the same system, i t i s becoming c l e a r t h a t 
the nature of the amino a c i d side chain can have a 
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s i g n i f i c a n t e f f e c t on the binding a f f i n i t i e s (K^) and the 
maximum ra t e of uptake (v ) (Yang e t a l . , 1977; Nisbet 
max ' ""r" 
& Payne, 1979a; Payne & B e l l , 1979). 
1.1.4.3 N- and C-Terminal Groups 
Removal or s u b s t i t u t i o n of e i t h e r the N-terminal 
a-amino group or the C-terminal a-carboxyl group of a 
peptide generally has a marked influence on i t s uptake 
(see s e c t i o n 3.2.1.3). Many e a r l y studies reported an 
absolute requirement for one or both of the terminal groups. 
However, such conclusions were mainly based on growth t e s t s 
which simply i n d i c a t e whether uptake i s f a s t e r or slower 
than the minimum ra t e required to support growth. With the 
advent of more s e n s i t i v e techniques i t i s now becoming 
c l e a r that, while the terminal amino and carboxyl groups of 
a peptide are both of considerable importance i n determining 
transport c a p a b i l i t i e s , neither i s absolutely e s s e n t i a l f o r 
transport to occur. 
1.1.4.4 Peptide Bond 
An a-peptide bond i s generally required f o r t r a n s p o r t 
( s e c t i o n 3.2.4); peptides containing 0-, y- or £ -
linkages are excluded. S i m i l a r l y , s u b s t i t u t i o n of the bond 
(e.g. methylation) considerably reduces the r a t e of peptide 
uptake. 
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1.1.4.5 a-Hydroqen Atom 
I n b a c t e r i a , the only organisms studied, i t seems t h a t 
the hydrogen atom on the a-carbon i s not e s s e n t i a l ; peptides 
l a c k i n g the a-hydrogen are s t i l l taken up, probably by the 
same permease as other peptides (Young et a l . , 1964; 
Smith e t a l . , 1970). 
1.1.4.6 S t e r e o s p e c i f i c i t v 
Peptide transport generally shows a marked, but not 
absolute requirement for peptides containing L-amino a c i d s 
( s e c t i o n 3.2.5.3). However, the e f f e c t of a D-residue often 
depends on i t s p o s i t i o n i n the peptide. For example, 
there i s a c e r t a i n amount of evidence i n both b a c t e r i a 
(Becker & Naider, 1974) and yeast (Becker & Naider, 1979) 
t o support the suggestion (Payne & G i l v a r g , 1971) t h a t the 
presence of a D-isomer at the C-terminus of a t r i p e p t i d e 
should not prevent transport. 
1.1.5 Energy Coupling 
Peptide transport i s an a c t i v e process. I n a d d i t i o n 
to the i n h i b i t o r y e f f e c t s which many metabolic i n h i b i t o r s 
(e.g. azide, anoxia, DNP) exert on transport, there i s 
evidence t h a t substrates can be accumulated against t h e i r 
electrochemical gradient i n an unmodified form. While most 
peptides are hydrolysed so r a p i d l y that i n t a c t uptake cannot 
be demonstrated, c e r t a i n p e p t i d a s e - r e s i s t a n t substrates 
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(e.g. Gly-Sar ) may be accumulated i n t a c t , against a 
concentration gradient,by b a c t e r i a , yeast and mammalian 
t i s s u e s ( s e c t i o n 1.1.1). Moreover, peptidase-deficient 
mutants have been used to demonstrate the i n t a c t 
accumulation of p h y s i o l o g i c a l peptides (Jackson e t a l . , 
1976; Yang et a l , , 1977). 
The mechanism whereby metabolic energy i s coupled to 
peptide transport i s unclear (see a l s o s e c t i o n 3.3.3.5). 
I n the only b a c t e r i a l species studied, E . c o l i , i t appears 
that transport i s energized d i r e c t l y by ATP (Cowell, 1974; 
Payne & B e l l , 1979). ATP-dependent transport systems are 
u s u a l l y associated with a periplasmic binding p r o t e i n . 
Although peptide transport i s apparently 1 s h o c k - s e n s i t i v e 1 
(Cowell, 1974), a binding protein has not yet been i s o l a t e d . 
I t remains to be seen whether or not peptide transport i s 
unique i n t h i s respect. 
Concentrative peptide transport i n the mammalian gut 
i s Na +-dependent (Rubino et a l . , 1971; Addison et a l . , 
1972; 1975a). I t seems l i k e l y that a peptide-Na + co-
transport system w i l l operate, as for free amino a c i d 
uptake, although as yet there i s no d i r e c t evidence to 
(a) Abbreviations for amino acids are according to the 
1972 IUPAC-IUB recommendations (Biochem. J . 126, 773-780) . 
The L-stereoisomer i s implied throughout, unless 
otherwise s t a t e d . A l l other abbreviations employed i n 
t h i s t h e s i s are l i s t e d i n appendix 1. 
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support t h i s view. 
Meister has proposed that a number of enzymes known 
to be present i n c e r t a i n mammalian c e l l s might operate i n 
a c y c l e (the Y"-9lutamyl cy c l e ) which could transport amino 
acids and/or peptides across the c e l l membrane by a group-
t r a n s l o c a t i o n process (Meister, 1973; Meister & Tate, 
1976; Prusiner e t a l . , 1976). Although by no means proven, 
evidence i s accumulating i n favour of t h i s hypothesis, a t 
l e a s t f or c e r t a i n amino a c i d transport systems. 
Two further mechanisms, s p e c i f i c to peptides, by which 
transport might be energized have been proposed; uptake 
might be linked to amino aci d exodus or to peptidase 
a c t i v i t y . I t i s conceivable that an antiport mechanism 
operates such that one molecule of peptide i s exchanged f o r 
one molecule of an amino acid (Brock & Wooley, 1964; 
S i g r i s t - N e l s o n , 1975). Such a mechanism would be e n e r g e t i c a l l y 
favourable, although there i s no evidence a v a i l a b l e to 
support t h i s view. I t i s a l s o f e a s i b l e that free 
energy released during the h y d r o l y s i s of a peptide bond 
might be harnessed to the transport process. Two mechanisms 
can be envisaged: 
( i ) Hydrolysis simply serves to maintain a concentration 
gradient of peptide across the membrane; peptides enter 
the c e l l by passive d i f f u s i o n down t h i s gradient. 
( i i ) The free energy of hyd r o l y s i s could be coupled 
d i r e c t l y to t r a n s l o c a t i o n i n a peptidase-linked permease 
(Parsons, 1972). 
I n those transport systems characterized so f a r , 
evidence that peptide uptake i s independent of peptidase 
a c t i v i t y eliminates these p o s s i b i l i t i e s . However, they 
should be borne i n mind when c h a r a c t e r i z i n g new systems. 
1.1,6 Regulation of Transport 
L i t t l e information i s a v a i l a b l e concerning the 
mechanism(s) by which peptide transport i s regulated. Indeed, 
i t may be that transport i s not regulated per se, the 
i n t r a c e l l u l a r pool of each amino aci d being maintained a t a 
constant l e v e l by s p e c i f i c exodus (Payne & B e l l , 1977c). 
Regulation of transport could operate a t two l e v e l s : 
( i ) V a r i a t i o n i n the amount of permease per c e l l . I t i s 
generally considered tha t peptide transport i s c o n s t i t u t i v e ; 
the l e v e l of permease per c e l l remains constant. However, 
i t has r e c e n t l y been suggested that t h i s view may not be 
s t r i c t l y accurate, a t l e a s t i n S. typhimurium (Alper & Ames, 
1978). 
( i i ) V a r i a t i o n i n the a c t i v i t y of the permease. The 
a c t i v i t y of many transport systems i s subject to feedback 
regu l a t i o n . However, feedback i n h i b i t i o n by peptides seems 
u n l i k e l y as l i t t l e or no i n t a c t peptide accumulates w i t h i n the 
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c e l l under p h y s i o l o g i c a l conditions. Regulation by a 
p a r t i c u l a r amino a c i d a l s o seems improbable for a permease 
of such broad s p e c i f i c i t y , although a general mixture of 
amino aci d s might exert some regulatory influence (Payne & 
B e l l , 1977c). 
1.1.7 Advantages of Peptide Transport 
The widespread occurrence of peptide transport systems, 
i n organisms encountering many d i f f e r e n t forms of organic 
nitrogen,suggests that there might be c e r t a i n advantages 
i n transporting peptides rather than free amino a c i d s . 
This p o s i t i o n i s accentuated i n Bacteroides ruminicola 
which w i l l only absorb peptides; amino a c i d permeases are 
apparently absent (Pittman et a l . m 1967). I t has been 
known f o r many years that peptides are often b e t t e r sources 
of nitrogen for b a c t e r i a l growth than f r e e amino a c i d s . 
E a r l y suggestions that a s p e c i f i c peptide growth f a c t o r , 
•Streptogenin 1, might be responsible have not been 
substantiated. I t i s now generally accepted t h a t the 
n u t r i t i o n a l s u p e r i o r i t y of peptides can be explained simply 
i n terms of the advantages of absorbing peptide-bound amino 
acids rather than the unbound residues (see Matthews & Payne, 
1975c). A number of b e n e f i t s that might be derived from the 
transport of peptides can be envisaged, although l i t t l e 
evidence i s a c t u a l l y a v a i l a b l e to support any of these views: 
( i ) I t i s a general observation that peptide-bound amino 
acids are absorbed more r a p i d l y than the equivalent f r e e 
amino a c i d s . Although obviously an advantage, i t i s not 
yet c l e a r why t h i s should be the case; a s a t i s f a c t o r y 
explanation awaits a c l e a r e r understanding of the mechanism 
of peptide absorption. 
( i i ) The need for e x t r a c e l l u l a r h y d r o l y s i s i s eliminated. 
I t would seem to be more e f f i c i e n t , a t l e a s t when amino 
acids are scarce, to hydrolyse peptides w i t h i n the c e l l , 
r a ther than to r e l y on e x t r a c e l l u l a r h y d r o l y s i s , when many 
of the r e s u l t a n t amino acids w i l l be l o s t to the surrounding 
medium. I n addition, the e x t r a c e l l u l a r medium may be 
unsuitable for e f f i c i e n t operation of peptidases, e s p e c i a l l y 
i n species l i v i n g i n extreme or v a r i a b l e environments. 
( i i i ) I n c e r t a i n circumstances, one amino a c i d can a f f e c t 
the c e l l u l a r concentration of another, e i t h e r by inducing 
the synthesis of the appropriate degradative enzymes or by 
repressing t h e i r common permease. Thus, an excess of a 
si n g l e amino a c i d can e f f e c t i v e l y i n h i b i t protein s y n t h e s i s 
by reducing the l e v e l of a second l i m i t i n g amino a c i d . 
Peptide transport overcomes the p o s s i b i l i t y of s p e c i f i c 
permease repression. I n addition, the rate a t which amino 
acids are relea s e d by peptide h y d r o l y s i s i s often too slow 
for the synthesis of degradative enzymes to be induced. 
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( i v ) Probably the moat important b e n e f i t to be gained 
from peptide transport i s the conservation of metabolic 
energy. This i s important, as a high proportion of any 
c e l l ' s energy expenditure i s channelled into the uptake of 
metabolites. 
Two p o s s i b l e , though unsubstantiated, means by which 
peptide transport might conserve energy have already been 
discussed (section 1.1.5); uptake could be linked to amino 
ac i d exodus or to peptidase a c t i v i t y . I t a l s o seems l i k e l y , 
a t l e a s t for molecules of s i m i l a r charge, that the transport 
of amino acids and small peptides w i l l require the same 
amount of energy per molecule. Thus, uptake of a dipeptide 
w i l l halve the energy requirement per amino a c i d r e s i d u e . 
S i m i l a r l y , the uptake of charged amino acids may be 
e n e r g e t i c a l l y expensive; uptake of the same amino acids 
combined as neutral peptides could prove economical. 
1.2 Plant Peptides 
1.2.1 Introduction 
Plant peptides can be conveniently divided in t o two 
categories: ( i ) Peptides with a specific structure or 
function. Such peptides commonly contain unusual amino 
acids or peptide linkages, not found i n proteins or peptides 
derived from them, ( i i ) Peptides produced as intermediates 
i n the synthesis and degradation of proteins. This 'peptide 
pool 1 might be expected to consist of a mixture of small 
peptides with an overall amino acid composition similar to 
that of the parent proteins. A rapid turnover of the pool 
might be anticipated. 
The l i t e r a t u r e concerning plant peptides i s widely 
scattered and an exhaustive coverage w i l l not be attempted 
here. Rather, a general survey w i l l be made to i l l u s t r a t e 
the specific functions which peptides may perform i n the 
plant c e l l , together with any information pertaining t o the 
existence of a 'peptide p o o l 1 . The subject i s t o be reviewed 
i n more d e t a i l elsewhere (Higgins & Payne, 1981). Several 
reviews covering early studies have also appeared (Bricas 
& Fromageot, 1953; Synge, 1959, 1968; Waley, 1966). 
For present purposes, the a r b i t r a r y d i v i s i o n between 
peptide and polypeptide w i l l be drawn at a molecular weight 
of about 1500. I n addition, no account w i l l be taken of 
- 27 -
c e l l u l a r compounds containing peptide linkages, but other-
wise bearing l i t t l e or no resemblance to protein-derived 
peptides (e.g. the peptide a l k a l o i d s ) . 
1.2.2 Peptides with a Specific Structure or Function 
I n addition t o t h e i r n u t r i t i o n a l r o l e , peptides serve 
many other important functions i n both animals and micro-
organisms (Matthews & Payne, 1975b) . I n contrast, l i t t l e 
i s known concerning the specific roles of peptides i n plant 
tissue. However, an ever increasing number of such compounds 
are being i d e n t i f i e d and there i s no reason to suppose that pep-
tides w i l l prove any less important i n plants than i n other 
organisms. 
1.2.2.1 Glutathione and Other y-Glutamyl Peptides 
Glutathione ( y-L-Glu-L-Cys-L-Gly) can occur i n a 
reduced or an oxidized disulphide form. The two are 
readi l y interconverted by numerous redox reagents or the 
enzyme glutathione reductase. 
Both glutathione and glutathione reductase appear to 
be ubiquitous. They have been i d e n t i f i e d i n monocots (Conn 
& Vennesland, 1951; Tkachuk, 1970), dicots (Mapson & 
isherwood, 1963; Renneriberg, 1976) and algae (Tsang & 
Schif f , 1978); i n mitochondria (Young & Conn, 1956), 
chloroplasts (Foyer & H a l l i w e l l , 1976? Schaedle & Bassham, 
1977) and the cytoplasm (Wirth & Latzko, 1978). I n 
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addition, the enzymes f o r glutathione synthesis have been 
isolated from plant tissues (Webster, 1955). 
Many functions have been proposed f o r glutathione, 
often associated with the maintenance of optimal redox 
conditions w i t h i n the c e l l (see Meister, 1975; Meister & 
Tate, 1976; f o r general reviews). These have generally 
been based upon the a c t i v i t y of glutathione i n animal and 
microbial c e l l s , although a number of functions specific t o 
plant c e l l s have also been proposed. However, despite much 
speculation, i t s role in vivo remains very much i n doubt. 
When considering the role of glutathione i n plant 
tissues, i t i s interesting t o note that a homologue of 
glutathione, ^ -L-Glu-L-Cys-p-L-Ala (homoglutathione) has been 
isolated from Phaseolus (Carnegie, 1963a,b). I t i s present 
at twenty times the level of glutathione and shows similar 
patterns of a c t i v i t y . I t may therefore serve the same 
function(s) as glutathione i n certain plant tissues. 
Glutathione i s also a key compound i n the ^ -glutamyl 
cycle (section 1.1.5) which has been suggested as a possible 
mechanism by which amino acids and/or peptides might be 
translocated across the c e l l membrane, i t i s i n t e r e s t i n g t o 
speculate that a similar group translocation mechanism might 
operate i n plants. A number of enzymes of the cycle have 
been isolated from higher plant tissues (Messer & Ottesen, 
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1965; Goore & Thompson, 1967; Mazelis & Creveling, 1978). 
I n addition,the complete cycle seems t o operate i n marine 
phytoplankton, which are known t o be extremely active i n 
amino acid transport (Kurelec et a l . f 1977). 
Glutathione may also be involved i n the synthesis of 
the numerous y-glutamyl peptides which have been isolated 
from plant tissues. Many of these peptides contain non-
protein amino acids and occur i n considerable q u a n t i t i e s , 
especially i n seeds and storage organs. This suggests a 
role i n the storage of nitrogen and/or sulphur (Thompson 
et a l , . 1962; Virtanen, 1965), yet most of the known 
y -glutamyl peptides could not adequately f u l f i l such a 
ro l e . 
Certain y-glutamyl peptides might serve a protective 
function. The t o x i n of Lathvrus seeds i s a ^-glutamyl 
peptide ( S c h i l l i n g & Strong, 1955). Hypoglycin, the t o x i c 
non-protein amino acid of Blighia f r u i t s , i s also maintained 
i n the c e l l as a ^ -glutamyl peptide (von Holt et a l . , 1956). 
S i m i l a r l y , the lachymatory and oderiferous products of onion 
and g a r l i c are often linked as y-glutamyl peptides which are 
hydrolysed by a specific peptidase on crushing the tissue 
(Austin & Schwimmer, 1970; Whitaker, 1976). However, the 
function, i f any, of the majority of such peptides remains 
obscure. 
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1.2.2.2 Algal Peptides 
A number of specific peptides have been isolated from 
seaweeds (Bricas & Fromageot, 1953; Miyazawa, 1971). 
Eisenine, a t r i p e p t i d e from Eisenia b i c y c l i s , has the 
structure L<Glu-L-Gln-L-Ala (Ohira, 1940; Ohira e t a l . , 
1955a,b; Kaneko et a l . , 1957). The pyroglutamate residue 
was probably formed from glutamine during extraction. A 
similar peptide, f a s t i g i a t i n (L<Glu-L-Gln-L-Gln), has been 
isolated from Pelvetia (Dekker et a l . , 1949) and a t r i p e p t i d e 
containing alanine and glutamic and aspartic acid from 
Undaria p i n n a t i f i d a (Kwon & Lee, 1960; Lee et a l . , 1962). 
Further reports of peptides, isolated from brown (Channing 
& Young, 1953; Morita, 1955; Takagiet a l . , 1973), green 
(Miyazawa et a l . , 1976) and red seaweeds (Young & Smith, 1958; 
Miyazawa & I t o , 1974), have also appeared. These peptides 
generally contain arginine and/or the acidic amino acids. 
Wo function f o r such compounds has yet emerged. 
A number of freshwater algae also contain peptides. 
L-Pro-L-Val-diketopiperazine and L-Pro-L-Leu-diketopiperazine 
are released by species of Scenedesmus (Luedemann et a l . , 
1961). Many green algal peptides are r i c h i n arginine. 
L-Arg-L-Gln has been i d e n t i f i e d i n Cladophora (Makisumi, 
1959); at least seven small peptides containing arginine, 
glutamic and aspartic acid have been isolated from Chlorella 
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(Kanazawa, 1964? Kanazawa et a l . , 1965) and several more 
from Euglena (Schantz et a l . , 1975). I t i s possible t h a t 
these peptides replace the arginine-rich histone known t o 
be absent from certain green algae. 
Blue-green algae have long been known t o release small 
peptides, although the chain lengths have never been 
accurately determined (Fogg, 1952? Jones & Stewart, 1969). 
Often a very high proportion of the t o t a l assimilated nitrogen 
i s excreted i n t h i s form. The structures of these compounds 
are unknown, although i t has been suggested that they may be 
as small as tripeptides (Walsby, 1974). Blue-green a l g a l 
blooms may also release toxins, at least some of which are 
peptides (Stewart, 1979)? the toxi c peptide of Microcystis 
has a molecular weight of 1300-2600 (Bishop et a l . , 1959). 
1.2.2.3 Peptides i n the Phloem and Xylem 
Phloem contains high levels of free amino acids (see 
Higgins & Payne, 1979). Early reports of peptides i n the 
phloem have largely been explained on the basis of the 
high levels of protein now known t o occur i n phloem exudate 
(Eschrich & Heyser, 1975). Only two peptides have d e f i n i t e l y 
been i d e n t i f i e d i n the phloem, alanylaminobutyric acid and 
glycyl-ketoglutaric acid (Pate, 1976a). 
The xylem contains much lower levels of nitrogen than 
the phloem yet peptides have been reported i n the xylem 
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exudates of many species (Wolffgang & Mothes, 1953; 
Pollard & Sproston, 1954; Bollard, 1957, 1960; Virtanen 
& Miettinen, 1963; FejSr & KOnya, 1958; Khachidze, 1975). 
However, some of the techniques employed may have i d e n t i f i e d 
protein material rather than small peptides. More 
s p e c i f i c a l l y , Pate (1965) has reported that glutathione, 
present i n the xylem, may be involved i n sulphur transport, 
and Miettinen (1959) showed that alanine absorbed by pea 
roots may be incorporated i n t o a specific peptide, 
transported t o the stem, and then degraded. 
0?hus, there i s l i t t l e evidence of an important r o l e 
f o r peptides i n the phloem and xylem, although such a 
p o s s i b i l i t y cannot yet be discounted (section 6.6.2.1). 
1.2.2.4 Peptides i n Symbiotic Associations 
I n many symbiotic associations, nitrogen i s f i x e d by 
one symbiont and rapidl y transferred t o i t s partner. 
Although i n many cases i t seems that nitrogen i s transferred 
as amino acids or i n inozganic ibrm (Smith, 1974, 1975; Pate, 
1976b), there have been indications that peptides might be 
involved. 
Peptide-like material has been detected i n the root 
nodules of clover (Butler & Bathurst, 1958) and Alnqs (Leaf 
e t a l , , 1958) although i t s nature was not investigated i n 
d e t a i l . I n three species of the lichen, Peltigera. the blue-
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green algal syrtibiont (Nostoc) releases peptides jln v i t r o 
and in vivo which may be u t i l i z e d by the fungal partner 
(Millbank, 1974, 1976). These peptides are 2-10 residues 
long and similar t o those released by the f r e e - l i v i n g 
alga. However, i n liverwort t h a l l i , symbiotic Nostoc 
apparently releases only a very small proportion of i t s 
fi x e d nitrogen as peptide, the majority being free NH^+ 
(Stewart & Rodgers, 1977). The cause of t h i s difference and 
the possible role of peptides i n nitrogen transfer between 
symbionts deserves more attention (section 6.6.1.2). 
1.2.2.5 Peptide Hormones 
Although a number of peptides a f f e c t plant growth at 
very low concentrations (section 1.2.2.6), no peptide has 
yet been i d e n t i f i e d i n healthy plant tissue which regulates 
growth under normal conditions. This is despite the wide 
v a r i e t y of regulatory and hormonal functions served by 
peptides i n animal tissues (Berson & Yalow, 1973; Vale 
.et c*l., 1977), and some considerable e f f o r t invested i n the 
i s o l a t i o n and i d e n t i f i c a t i o n of plant hormones. 
Most reports of peptide hormones have turned out t o be 
peptide-bound derivatives of known plant growth regulators, 
and speculations that the proposed flowering hormone, 
f l o r i g e n , might be a peptide (Collins et a l . , 1963) have 
not,as yet, been confirmed. 
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Auxins; The i n vivo conjugation of IAA with peptides 
has been reported (Jerchel & Staab-Muller, 1954; Winter & 
Street, 1963), although i t i s not clear how large these 
peptides are or whether covalent bonding i s involved 
(Winter & Thimann, 1966). Such complexes may represent 
'protein-bound 1 derivatives isolated by a number of other 
groups (Siegel & Galston, 1953; Zenk, 1964), or may be 
artefacts of the i s o l a t i o n procedure. However, i t i s w e l l 
known that exogenously supplied IAA can be ra p i d l y con-
jugated i n a peptide linkage with aspartic or glutamic acid, 
especially by legumes (Andreae & van Ysselstein, 1956, 1960). 
These derivatives, which also occur naturally (Klambt, 1960), 
are hormonally inactive and believed to par t i c i p a t e i n the 
regulation of auxin a c t i v i t y . Reports that they possess 
auxin a c t i v i t y themselves may be the r e s u l t of hydrolysis 
(Thurman & Street, 1962). Unfortunately, the presence of 
many non-peptide derivatives of IAA i n plant c e l l s make a 
precise ro l e f o r the peptide conjugates d i f f i c u l t t o define. 
Ethylene; Methionine i s generally considered t o be 
the b i o l o g i c a l precursor of ethylene i n plant systems (Yang 
et a l . , 1967). However, the production of ethylene from 
methionyl peptides by pea extracts i s much more rapid than 
from methionine i t s e l f and has a more physiological pH 
optimum (Ku & Leopold, 1970). Thus, one or a number of 
peptides may be the b i o l o g i c a l precursor(s) of ethylene. 
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Gibberellins; Although no GA-amino acid or GA-peptide 
derivatives have been p o s i t i v e l y i d e n t i f i e d i n plant tissues, 
t h e i r existence has been postulated on t h e o r e t i c a l grounds 
(Setribdner, 1974) and a GA-peptide derivative has been 
t e n t a t i v e l y i d e n t i f i e d (Nadeau & Rappaport, 1974). Formation 
of t h i s inactive derivative i s enhanced by ABA, consistent 
with the i n h i b i t o r y effects exerted by ABA on GA a c t i v i t y . 
Synthetic amino acid or peptide derivatives of GA^  show 
very l i t t l e g i b b e r e l l i n a c t i v i t y and cannot be hydrolysed 
by plant tissues (Setiibdner et a l . , 1976). I t has therefore 
been proposed that such derivatives serve to i n a c t i v a t e , 
and thus regulate, the levels of the hormone i n plant 
tissue. 
1.2.2.6 Other Peptides 
Two specific peptides have been p u r i f i e d from higher 
plant tissues. Evolidine, a c y c l i c heptapeptide (cyclo-L-
Ser-L-Phe-L-Leu-L-Pro-L-Val-L-Asn-L-Leu), was i d e n t i f i e d i n 
Evodia xanthoxyloides (Eastwood et a l . , 1955; Law et a l . , 
1958), and the tetrapeptide methyl ester, L-Pro-L-Leu-L-Phe-L-
Val-OMe, i n linseed o i l (Kaufman & Tobschirbel, 1959). Their 
functions remain unknown. 
Peptide-nucleotide complexes have often been isolated 
from plant tissues (see Waley, 1966? Synge, 1968). As yet 
none has been f u l l y characterized and l i t t l e i s known concerning 
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t h e i r functions, although they often promote plant growth and 
have been implicated i n protein synthesis (Dudchenko & 
Sytnik, 1974; Volodin, 1975; Gorvunova et a l . , 1977). 
At least some of these compounds seem l i k e l y to be tRNA-
peptide complexes, removed from the ribosome during e x t r a c t i o n . 
Peptides also seem t o be associated with c e r t a i n plant 
diseases, exerting hormone-like effects on plant growth. 
I t i s not always clear whether, i n cases of i n f e c t i o n , such 
peptides are produced by the host or the pathogen. I n f e c t i o n 
of potato leaves by the l e a f r o l l virus induces the production 
of a specific peptide (Reindel & Bienenfeld, 1956), and 
Chang has reported the presence of a peptide s p e c i f i c a l l y i n 
tissues infected with crown g a l l or tomato nematode g a l l 
(Chang et a l . , 1975; Chang & L i n , 1977). Lycomarasmin, 
a dipeptide produced by Fusarium,induces tomato leaf c u r l 
and w i l t (Robert e j a l M 1962), and malformin, a c y c l i c 
peptide (cydo-D-Cys-D-Cys-L-Val-D-Leu-L-Ile) produced by 
Aspergillus. causes curvature of bean and corn roots a t 
very low concentrations (Bodanszky & Stahl, 1974). I s l a n d i -
t o x i n , produced i n Penici11ium-infected r i c e i s also a c y c l i c 
pentapeptide (Batriburg et a l . , 1969). Along si m i l a r l i n e s , 
a /3-alanine-containing peptide produced by pea roots under 
conditions of high s a l i n i t y " i s also an extremely active 
i n h i b i t o r of plant growth (Prikhod'ko et a l . , 1975, 1978). 
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1.2.3 Peptides as Metabolic Intermediates; The Peptide Pool 
The concept of a peptide pool i s not new (Waley, 
1966)1 However, although i t has been widely assumed that peptides 
w i l l be produced as intermediates i n protein metabolism, the 
p o s s i b i l i t y that these intermediates might accumulate t o 
form a s i g n i f i c a n t pool has r a r e l y been considered. There 
seem t o be a number of reasons f o r t h i s neglect. F i r s t l y , 
although i t i s accepted that peptides w i l l be produced as 
intermediates during protein synthesis and degradation, i t 
i s often f e l t that they themselves w i l l be metabolised* so r a p i d l y 
that a s i g n i f i c a n t pool w i l l never accumulate. Secondly, 
i n the absence of any obvious function, an incentive f o r 
investigation i s lacking. The present demonstration of 
peptide transport i n plants provides one possible function. 
Thirdly, there are methodological problems. In a peptide 
pool, any single defined peptide w i l l be present i n 
vanishingly small amounts. Thus, the pool as a whole must 
be detected, often a d i f f i c u l t proposition i n the presence 
of large quantities of protein and free amino acids. 
A l l plant c e l l s are l i k e l y t o e x h i b i t protein turnover 
(Huffaker & Peterson, 1974) and might therefore be expected 
t o contain a peptide pool, however small. 
There i s a certain amount of circumstantial evidence t o 
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support t h i s view although few of the reports of peptide 
pools can be regarded as conclusive. This i s generally a 
r e f l e c t i o n of the rather u n c r i t i c a l approaches which have 
been employed i n the past (see section 5.1). Even those 
r e l a t i v e l y few cases i n which peptides have been more 
rigorously i d e n t i f i e d do not give an adequate picture of 
the nature of the peptide pool; the peptides have r a r e l y 
been characterized and the methods of extraction and 
p u r i f i c a t i o n seem un l i k e l y t o r e s u l t i n a complete or 
representative sample of the t o t a l pool. 
Tissues of Rapid Protein Synthesis: Early 
suggestions that peptides might be d i r e c t l y incorporated 
i n t o protein led to a number of studies of 'peptides* i n 
growing tissue. For example, a large 'peptide 1 pool was 
reported to increase twenty-fold during the elongation of 
developing root t i p s (Morgan & Reith, 1954). S i m i l a r l y , 
•peptides' were reported i n ripening pea cotyledons during 
protein synthesis. This pool decreased as protein synthesis 
reached completion (Raake, 1951). "Peptide f r a c t i o n s ' have 
also been reported i n growing pea seedlings (Lawrence €*t a l . 
1959; Beevers & Guernsey, 1966; Prikhod'ko et a l . , 1978) 
and barley embryos (Folkes & Yemm, 1958), although they are 
apparently absent from maize (Ingle est a l . , 1964). 
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None of the above reports can now be interpreted as 
conclusive evidence f o r a peptide pool, although t h i s i s 
ce r t a i n l y a possible explanation f o r many of the data. Even 
a more recent study, reporting a pool of peptides i n the 
axis of germinating soyabeans (Duke eat a l . , 1978) i s 
inconclusive; peptides were only separated from proteins on 
the basis of ethanol s o l u b i l i t y . More c r i t i c a l l y , peptides 
have been i d e n t i f i e d i n the growing leaves of barley (Hendry 
& Stobart, 1977), although i n t h i s case l i t t l e attempt was 
made to characterize the pool. 
Mature Tissues;Tissues i n which protein synthesis and degizdation are 
minimal have been least thoroughly studied. Most reports of 
peptides are rather vague. Thus, ten peptides of 3-12 
residues were reported i n cottonseed (Yuldashev et .al., 1970) 
and about twenty peptides of less than ten residues i n celery 
root (Curi et a l . , 1973). The stems of several species may 
also contain a wide range of peptides (Chang et a l . , 1975) 
and i t has been suggested that s a l t - t o l e r a n t plants contain 
a considerable peptide pool (Prikhod'ko et a l . , 1979). 
Reports of specific peptides, Ala-Gly i n r i c e (Tsumura et a l . , 
1977) and both Ala-Ala and Gly-Ala i n Leptadenia (Dhawaa & 
Singh, 1976), may represent part of a peptide pool or may 
serve more specific functions. 
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Carnegie (1961) has reported a pool of small peptides 
i n ryegrass leaves. Although probably rather unrepresentative 
of the t o t a l peptide pool, t h i s remains one of the few 
convincing reports of a peptide pool t o date. A s i m i l a r 
pool i n bean leaves (Bagdasarian et a l . , 1964) may represent 
rather larger polypeptides. 
Tissues of Rapid Protein Hydrolysis: Apart from a 
single report of peptides i n senescing barley leaves (Hendry 
& Stobart, 1977), germinating seeds have received most 
consideration. 
During germination of Vicia, a large pool of soluble, 
non-protein nitrogen was found i n the cotyledons (Boulter & 
Barber, 1963). Although not p o s i t i v e l y i d e n t i f i e d as peptide 
material, the pool contained at least two defined peptides, 
one a dipeptide of glycine and alanine, the other containing 
alanine, aspartic acid and cysteine; i t therefore seems 
l i k e l y that much of the rest of the pool also consisted of 
peptides. Similar fr a c t i o n s , possibly containing peptides, 
have been reported i n the cotyledons of germinating peas 
(Lawrence et a l . , 1959; Beevers & Guernsey, 1966), castor 
beans (Stewart & Beevers, 1967), and cucumber (Becker et. a l , , 
1978), although no such pool was detected i n germinating 
soyabean cotyledons (Duke et a l . , 1978). 
Peptide poQjSmay also be produced i n the endosperm of 
germinating cereal grains. I n barley (Polices & Yemm, 1958) 
and maize (Ingle et a l . , 1964; Oaks & Beevers, 1964) a 
large pool of soluble nitrogen (probably consisting larg e l y 
of peptides) increases t o a maximum and then decreases as 
germination proceeds. I n addition, "peptides•, as well as 
free amino acids, leach from isolated maize endosperm (Oaks 
& Beevers, 1964). Barley endopeptidase i s known t o cleave 
the storage proteins t o fragments of molecular weight less 
than 3000 ^in v i t r o (Popov et a l . , 1976), and during the 
sprouting of wheat, high molecular weight proteins disappear 
while low molecular weight material (probably peptides) 
appears (Hwang & Bushuk, 1973). A hexapeptide has been 
isolated and p a r t i a l l y characterized from wheat (Bieber & 
Clagett, 1956) and a pool of peptides, averaging 6-8 residues 
i n length, has been reported i n wheat f l o u r (Grant & Wang, 
1972). i n addition, during the malting and mashing of 
barley considerable amounts of peptide are produced. This 
almost c e r t a i n l y r e f l e c t s the in vivo production during 
germination (MacWilliam, 1968; Stewart et a l . , 1974). The 
presence of a peptide pool i n barley endosperm might also 
be predicted from the a c t i v i t y and l o c a l i z a t i o n of the 
various proteases and peptidases (section 1.3.4.5). 
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The above reports cannot be considered as conclusive 
evidence f o r the presence of a peptide pool, even i n such 
intensively studied systems as germinating seeds. However, 
the results are generally compatible with such a concept; 
i t seems probable that the application cf * more rigorous 
methodology w i l l show the existence of a peptide pool i n 
many, i f not a l l tissues. 
1.2.4 Peptide Transport i n Plants 
1.2.4.1 Algae 
Intact peptide uptake has never been demonstrated 
amongst the algae. Although peptides apparently stimulate 
the growth of certain algal species (Jankevicius et a l . , 
1972), and Chlorella i s able t o u t i l i z e several dipeptides 
as a nitrogen source (Bollard, 1966), the form i n which 
peptides are absorbed has not been investigated; uptake 
might be subsequent t o extracellular hydrolysis. However, 
i t does seem l i k e l y that certain algae w i l l possess peptide 
transport systems; t h i s p o s s i b i l i t y has yet t o be pursued 
(section 6.6.1.1). 
1.2.4.2 Higher Plants 
Although the uptake and u t i l i z a t i o n of free amino acids 
by higher plant c e l l s has been investigated i n some d e t a i l 
(see Higgins & Payne, 1979, f o r a general review), peptides 
have suffered r e l a t i v e neglect. 
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I t has been known f o r many years that peptides can 
a f f e c t the growth of plant tissues cultured jLn v i t r o . 
For example, acid hydrolysed casein (no peptides) often 
enhances growth while enzymic casein hydrolysates (containing 
peptides) can show i n h i b i t o r y effects (Riker & Gutsche, 1948; 
Nitsch & Nitsch, 1957; Staba, 1962; Furuhashi & Yatazawa, 
1970; Sood, 1975). Moreover, several i n d i v i d u a l defined 
dipeptides are capable of providing the sole source of 
nitrogen f o r plant growth: duckweed fronds (Bollard, 1966), 
atropa callus (Salonen & Simola, 1977) and the sundew 
(Simola, 1978b). I n none of these cases was any attempt 
made t o determine whether the peptides were hydrolysed 
before or a f t e r absorption. 
The only true, though rather f o r t u i t o u s demonstration 
of i n t a c t peptide tram port i n plants has come from studies 
on the absorption of nutrients from the pitchers of the 
carnivorous plant Sarracenia flava (Pluramer & Kethley, 1964). 
Three peptides, DL-Ala-DL-Asp, DL-Ala-DL-Met and DL-Ala-DL-
Leuf were not hydrolysed by the pitcher f l u i d but taken up 
i n t a c t i n t o the leaves where they remained uncleaved f o r as 
long as 4-5 days. No attempt was made t o characterize the 
mechanism by which these peptides were absorbed. The 
detection of these peptides i n t a c t was probably the r e s u l t 
of employing peptides containing both D- and L-amino acids; 
a l l stereoisomers of the dipeptides, except the LL-form, 
might be expected to be resistant t o hydrolysis. 
Thus, the information presently available concerning 
peptide transport i n plant tissues i s s t r i c t l y l i m i t e d . 
However, a number of situations i n which such systems might 
be of importance can be envisaged? these are discussed 
elsewhere (section 6.6) # 
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J..3 Barley 
I t i s well known that i n both monocots (Folkes et a l . , 
1952? McConnell, 1957? Polkes & Yemm, 1958? Ingle et a l . , 
1964) and dicots (Oota et a l . , 1953? Larson & Beevers # 
1965? Stewart & Beevers, 1967? Basha & Beevers, 1975), 
large amounts of nitrogen are transferred from the 
endosperm/cotyledon to the growing embryo during germination. 
Thus, cprminating seeds seem t o be one of the most l i k e l y 
sites f o r the operation of a peptide transport system i n 
plant tissues. 
The physiology and biochemistry of seed germination, 
p a r t i c u l a r l y nitrogen metabolism, have been studied i n a 
range of d i f f e r e n t species (see Mayer & Poljakoff-Mayber, 
1975? Ashton, 1976? Beevers, 1976? Bewley & Black, 1978, 
fo r general reviews). However, the structure and metabolism 
of monocots, i n par t i c u l a r the cereals, makes them especially 
suitable f o r the intended investigations. Barley has been 
subject t o p a r t i c u l a r l y intensive study, as a r e s u l t of i t s 
importance t o the brewing industry, and the mobilization of the 
protein storage reserves i n barley i s probably better 
understood than i n any other species. This i s c l e a r l y an 
advantage i n assessing a possible ro l e f o r peptides i n the 
transport of nitrogen during germination. 
1.3.1 Structure 
The structure of a barley grain i s i l l u s t r a t e d i n 
figure 1.3. The grain i s surrounded by a husk which i s 
readily removed a f t e r a few hours im b i b i t i o n . 
Figure 1.3 Structure of the Dormant Barley Grain 
SCUTELLUM PLUMULE 
TESTA 
PERICARP (HUSK) 
ALEURONE LAYER 
RADICLE 
STARCHY ENDOSPERM 
The husk has two main layers, the testa and the pericarp 
which are fused together? thus, barley grains are not true 
seeds but caryopses. 
The bulk of the grain i s occupied by the starchy 
endosperm, a dead tissue, which i s surrounded by a few 
layers of l i v i n g c e l l s , the aleurone layer. The majority of 
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the storage reserves of the grain are located i n these two 
tissues. I n any discussions below, the term endosperm w i l l 
be used to include both the starchy endosperm and the 
aleurone layer. 
The remainder of the grain, about 25% by volume, i s 
occupied by the embryo. Apart from the primordial roots 
and shoots, the cereal embryo contains a t h i r d major tissue, 
the scutellum. This i s believed t o be derived from one of 
the cotyledons, highly developed as an haustorial organ 
(Avery, 1930). The surface of the scutellum, abutting 
onto the endosperm, i s well adapted fo r absorptive 
purposes (Sargant & Robertson, 1905). There i s a single, 
specialized e p i t h e l i a l layer, the c e l l s of which elongate 
and separate from each other during germination to form 
v i l l i - l i k e structures (Nieuwdorp & Buys, 1964; Zamski, 
1973). I n addition, the surface of the scutellum folds t o 
form numerous invaginations, greatly increasing the o v e r a l l 
surface area. 
During germination, a l l compounds stored i n the 
endosperm must be absorbed by the scutellum before they can 
be u t i l i z e d by the embryo. The scutellum i s r e a d i l y 
separated from the endosperm without causing any s i g n i f i c a n t 
damage to the epithelium. Thus, uptake by the scutellum 
can be studied i n v i t r o without the presence of cut or 
damaged tissue. This i s i n marked contrast t o most plant 
transport studies where excised or fragmented tissue must 
be used, 
1.3.2 Storage Protein 
Barley grains contain about 13% protein on a dry-weight 
b a s i % About 85% of t h i s protein i s stored i n the endosperm 
(Dale et a l . # 1974). Approximately one t h i r d of the endo-
spermal protein i s located i n the aleurone layer, the 
remainder being d i s t r i b u t e d throughout the starcly endosperm 
(Mikola & Kolehmainen, 1972)• 
Seed proteins are s t i l l subdivided on the basis of t h e i r 
s o l u b i l i t y characteristics as described by Osborne (1924) . 
The fcur major fractions are a l l present i n barley, occurring 
i n the following proportions: albumins (water soluble, 13%)? 
globulins (soluble i n saline, 12%) ? g l u t e l i n s (soluble i n 
acid or a l k a l i , 25%) ? prolamines (soluble i n ethanol, 50%) 
(Whitehouse, 1973). The specific names f o r the barley 
g l u t e l i n s and prolamines are hordenin and hordein, 
respectively. 
Although the barley storage proteins have only been 
poorly characterized, i t i s clear that they are highly 
heterogeneous (Enari, 1966, 1968). Even hordein, the major 
storage protein, which might reasonably be expected t o be 
homogeneous, seems to have at least 6-8 i n d i v i d u a l poly-
peptide components (Shewry et a l . , 1977). The four protein 
fractions also have very d i f f e r e n t amino acid compositions; 
of p a r t i c u l a r i n t e r e s t i s the high l e v e l of proline i n 
hordein (Polkes & Yemm, 1956; see also section 5.4.4). 
1-3.3 Protein Bodies 
A high proportion of the barley endosperm proteins 
seem to be located i n small, discrete membrane-bound 
organelles, the protein bodies or aleurone grains (Paleg & 
Hyde, 1964; Jones, 1969a; Jacobsen et a l . , 1971). The 
storage proteins of the cereals are s p e c i f i c a l l y located 
w i t h i n these organelles. Thus, i n maize, zein (prolamine) 
i s sequestered w i t h i n the protein bodies while the g l u t e i i n s 
remain free i n the cytoplasmic matrix (Christianson et a l . # 
1969; Nielsen et a l # # 1970). S i m i l a r l y , i n barley, 
hordein i s the major component of the protein bodies (Tronier 
jst a l . , 1971). Protein digestion i n many species i s believed 
t o occur p a r t l y , i f not wholly, w i t h i n the protein body 
i t s e l f (sections 4.4.8; 6.6.2.3). I n t h i s context i t i s 
i n t e r e s t i n g to note that acid protease a c t i v i t y has been 
associated with the protein bodies of barley (Ory & 
Henningsen, 1969). 
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1.3.4 Protein, Digestion 
The transfer of nitrogen from the endosperm to the 
embryo of barley grains during germination i s a wel l 
documented process (Folkes et a l . , 1952; Folkes & Yemm, 
1958; Metevier & Dale, 1977). Movement i s most rapid 
between days 2 and 6 of germination; by day 6 more than 
85% of the endosperm nitrogen has been transferred t o the 
embryo. Most of the remaining nitrogen can be accounted 
f o r by the non-digestible husk (Metevier & Dale, 1977). 
The bulk of the nitrogen stored i n the endosperm i s 
i n the form of protein. Before i t can be u t i l i z e d t o 
support embryo growth, the storage proteins must be hydrolysed 
t o amino acids. The important question here i s , where does 
hydrolysis take place; are the proteins completely degraded 
within the endosperm or does hydrolysis only reach completion 
w i t h i n the embryo? This l a t t e r p o s s i b i l i t y would e n t a i l the 
presence of a peptide transport system i n the scutellum of 
the germinating embryos. 
The enzymes involved i n protein digestion have been 
studied i n considerable detail.. However, two circumstances 
have led to some confusion. The f i r s t i s terminology; 
d i f f e r e n t investigators often give the same enzyme, or group 
of enzymes, e n t i r e l y d i f f e r e n t names. For example, the acid 
endopeptidases of barley (Burger, 1973) have been referred 
t o as proteases (Burger et a l . , 1966), proteinases (Enari 
et a l . , 1963), sulphydryl endopeptidases (Enari & Mikola, 
1967), peptidyl peptide hydrolases (Burger et a l . , 1970a) 
and even peptidases (Jones & Pierce, 1967a). Secondly, the 
persistent use of a r t i f i c i a l substrates has presented 
d i f f i c u l t i e s , both i n comparing results from d i f f e r e n t 
research groups and i n attempting t o understand the function 
of. the enzymes jln vivo. Very few studies have been made 
using natural substrates, yet i t i s clear that the a b i l i t y 
to hydrolyse an a r t i f i c i a l substrate i s not necessarily 
representative of an enzyme's function i n vivo (Beevers, 
1968; Cameron & Mazelis, 1971; Spencer & Spencer, 1974; 
Baxter et a l . . 1978). For example, the 't y p i c a l ' t r y p s i n 
and chymotrypsin substrates, BAPA and BAEE, are hydrolysed 
rapidly by barley extracts, not by endopeptidases but by a 
peptidase and carboxypeptidase respectively (Burger et a l . , 
1968; Mikola et a l . , 1971). Similarly, misleading pH 
optima have been obtained; wheat carboxypeptidase has an 
optimum at pH 5.5 on the standard a r t i f i c i a l substrates, yet 
on p u r i f i e d wheat proteins the optimum i s as low as £H 4.2 
(Preston & Kruger, 1976b). Considering the importance of 
these enzymes i n the brewing industry, i t seems tha t adoption 
of a consistent approach i s long overdue. 
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For present purposes the barley p r o t e o l y t i c enzymes 
w i l l be considered i n four convenient groups: 
( i ) Endopeptidases: enzymes able t o cleave i n t e r n a l 
bonds of proteins yet unable t o attack small peptides. 
( i i ) Carboxypeptidases: enzymes which sequentially remove 
amino acids from the Oterminus of a polypeptide. 
( i i i ) Aminopeptidases: enzymes which sequentially remove 
amino acids from the N-terminus of a polypeptide. 
(i v ) Peptidases: enzymes which cleave small peptides 
yet are inactive against polypeptides/jproteins. 
1.3.4.1 Endopeptidases 
A considerable number of endopeptidases are present i n 
germinating barley grains (Enari et a l . , 1963? Burger 
et a l . , 1966, 1970a). Although these enzymes have not 
been completely characterized, most, i f not a l l , f a l l i n t o 
two major categories (Enari & Mikola, 1967): 
( i ) The sulphydryl or acid endopeptidases. These account 
f o r more than 90% of the endopeptidase a c t i v i t y of barley; 
at least three such enzymes are present (Burger, 1973). 
( i i ) Metal-activated endopeptidases, which function i n 
less acid conditions (pH 5.5 to pH 8.5). 
The endopeptidases are predominantly located i n the 
starchy endosperm (Enari & Mikola, 1977) where the a c t i v i t y 
increases at least twenty-fold during germination, p a r a l l e l i n g 
the disappearance of protein from the endosperm (Jacobsen 
& Varner, 1967; Bhatty, 1969; Mikola & Enari, 1970; 
Harvey & Oaks, 1974b; Fell e r e t a l . , 1978). Maximum 
a c t i v i t y , on both natural and a r t i f i c i a l substrates, i s 
achieved under acidic conditions. Thus, proteolysis i s 
optimal at pH 3.9 i n barley (Enari & Mikola, 1967; Burger 
et a l . , 1970a; Sundblom & Mikola, 1972), pH 3.8 i n maize 
(Harvey & Oaks, 1974a,b; Abe et a l . , 1977), pH 3.8-4.4 
i n wheat (Wang & Grant, 1969) and pH 4.0-4.5 i n rye 
(Nowak & Mierzwinska, 1978). These values are i n close 
agreement with the pH of barley endosperm, which i s 
reported t o decrease from pH 4.9 t o pH 3.6 during germination 
( K i r s i & Mikola, 1971). I t therefore seems clear that the 
endopeptidases play an important r o l e i n the degradation 
of the barley storage proteins. 
1.3.4.2 Carboxypeptidases 
Carboxypeptidases are generally assayed by t h e i r 
a c t i v i t y on N-carbobenzoxy- (Z-) dipeptides. Three such 
enzymes are known to be present i n barley, although as many 
as f i v e have been reported (Ray, 1976). Two of these 
carboxypeptidases, assayed using Z-Phe-Ala and Z-Phe-Phe as 
substrates, have been substantially p u r i f i e d and show 
optimal a c t i v i t y at j f i 5.2 and 5.7 respectively ( V i s u r i 
et a l . , 1969; Moeller et a l . , 1970; Yabuuchi et a l . , 1973; 
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Ray, 1976; Baxter, 1978). A t h i r d , rather less active 
enzyme i s also present, optimally active on Z-Pro-Trp 
at pH 4.8 (Mikola et a l . , 1971). 
The carboxypeptidases a l l release c-terminal amino 
acids from proteins (Moeller et a l . , 1970; Mikola & 
P i e t i l a , 1972; Mikola et a l . , 1972), including cereal 
storage proteins (Preston & Kruger, 1976b, Baxter, 1978) 
and polypeptides with as few as a dozen residues (Yabuuchi 
et a l . , 1973). However, they show no endopeptidase a c t i v i t y 
and are unable to cleave small unsubstituted peptides 
(Visuri et a l . , 1969; Moeller et a l . , 1970; Preston & 
Kruger, 1977; Baxter, 1978). 
The carboxypeptidases show a similar d i s t r i b u t i o n t o 
the endopeptidases, being predominantly located i n the 
starchy endosperm. Their pH optimum i s similar t o the pH 
of t h i s tissue in vivo. Again, a c t i v i t y increases r a p i d l y 
during germination i n p a r a l l e l with protein digestion 
(Mikola & Kolehmainen, 1972; Mikola et a l . , 1972; Kruger 
& Preston, 1976, 1977; Feller et .al., 1978), i n d i c a t i n g 
an important ro l e f o r carboxypeptidases i n the degradation 
of the endosperm storage proteins. 
1.3..4.3 Aminopeptidases 
At least four aminopeptidases are present i n barley, 
optimally active on amino acyl-/3-naphthylamides at 
- 55 -
pH 7.2 (Burger et a l . , 1970c? Kolehmainen & Mikola, 1971r 
Hejgaard & B/rfg-Hansen, 1974). These enzymes are also active 
on unsubstituted d i - and tripeptides at pH 6.0 (Kolehmainen 
& Mikola, 1971). The aminopeptidases are absent from the 
starchy endosperm and, although present i n the aleurone 
layer and scutellum, t h e i r a c t i v i t i e s here remain constant 
throughout germination (Mikola & Kolehmainen, 1972). I t 
therefore seems un l i k e l y that these enzymes play an 
important role i n the degradation of the barley storage 
proteins. However, during the early stages of germination 
they may function i n the scutellum and aleurone layer i n 
making amino acids available f o r the de novo synthesis of 
hydrolytic enzymes (see section 1.3.4.6). The only tissues 
i n which aminopeptidases are r e l a t i v e l y active are the 
roots and shoots of the embryo; i t seems l i k e l y t h a t here 
the enzymes are involved i n protein turnover ( C o l l i e r & 
Murray, 1977). 
1.3.4.4. Peptidases 
Two peptidases have long been known t o be present i n 
barley, characterized by t h e i r a c t i v i t i e s on Leu-Gly-Gly and 
Ala-Gly respectively, at high pH (Linderstxjzfat-Lang & Sato, 
1929). Both these enzymes have now been extensively p u r i f i e d . 
The f i r s t i s very similar t o mammalian leucine aminopeptidases, 
active on d i - and tripeptides at pH 8,0 (Sopanen & Mikola, 
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1975); the second, a spe c i f i c dipeptidase, has a s i m i l a r 
pH optimum (Sopanen, 1976). 
Burger and his colleagues have also p u r i f i e d two 
peptidases from germinating barley grains although the 
relationship of these enzymes to the peptidases mentioned 
above i s unclear. The f i r s t , peptide hydrolase A, i s active 
on the 'trypsin-substrate• BAPA (Suolinna et a l . , 1965; 
Burger et a l . , 1968). However, i t w i l l only hydrolyse 
d i - and tripeptides? true endopeptidase a c t i v i t y i s lacking 
(Burger et a l . , 1968? Moeller et a l . , 1969? Mikola et a l . , 
1971). The second peptidase, peptide hydrolase C, i s one 
of at least four enzymes characterized by t h e i r a c t i v i t y on 
ANA (Burger et a l . , 1970c). Again, while able t o hydrolyse 
a range of dipeptides t h i s enzyme lacks any a c t i v i t y on 
proteins (Burger et a l . , 1970b). 
Engel & Heins (1947) f i r s t showed th a t peptidase 
a c t i v i t y i s predominantly located i n the embryo of barley 
grains, p a r t i c u l a r l y the scutellar epithelium. This has 
been confirmed by more recent studies. Thus, the 'leucine 
aminopeptidase 1 and dipeptidase p u r i f i e d by Sopanen are 
both absent from the starchy endosperm, though abundant 
i n the scutellum where t h e i r a c t i v i t y increases as 
germination proceeds (Mikola & KOlehmainen, 1972). 
Sim i l a r l y , peptide hydrolases A and C are r e s t r i c t e d t o 
- 57 
the embryo, especially the scutellum (Prentice et a l . , 
1967, 1969). 
1.3.4.5 The Course of Proteolysis 
From the foregoing description of the a c t i v i t y , 
s p e c i f i c i t y and l o c a l i z a t i o n of the various barley enzymes 
i t i s possible t o speculate on the course of proteolysis 
during germination. Two stages are apparent: 
( i ) An i n i t i a l small-scale degradation, required t o 
produce amino acids f o r the de novo synthesis of further 
hydrolytic enzymes (section 1.3.4.6). This takes place i n 
the aleurone layer. I t seems l i k e l y that a l l fbur main 
groups of proteolytic enzymes are involved? a l l are 
present i n the aleurone of ungerminated seeds. 
( i i ) Bulk hydrolysis of the storage proteins. The 
majority of the storage proteins of barley grains are 
located i n the starchy endosperm. The only enzymes which 
seem t o be important i n t h i s tissue are the endopeptidases 
and carboxypeptidases. The i n a b i l i t y of these enzymes t o 
hydrolyze small peptides, together with the absence of 
peptidase a c t i v i t y from the starchy endosperm indicates 
that a mixture of both amino acids and small peptides w i l l 
accumulate i n t h i s tissue during germination. Indeed, 
there i s a ce r t a i n amount of evidence that t h i s i s the 
case (section 1.2.3). 
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The bulk of the peptidase a c t i v i t y of the barley-
grain i s located i n the scutellum. These enzymes seem 
cert a i n t o play an important ro l e i n the breakdown of the 
storage proteins; t h e i r a c t i v i t y increases i n p a r a l l e l 
w ith proteolysis, s p e c i f i c a l l y i n the e p i t h e l i a l layers 
adjoining the starchy endosperm. I t therefore seems 
probable that peptides, as well as amino acids, w i l l be 
absorbed by the barley scutellum during germination? 
subsequent hydrolysis occurs w i t h i n the embryo* 
1.3.4.6 Regulation of Proteolysis 
The production of substrates (peptide or amino acid) 
fo r absorption by the scutellum w i l l c l e a r l y depend upon 
the a c t i v i t y of the appropriate p r o t e o l y t i c enzymes. 
Regulation of proteolytic a c t i v i t y may therefore l i m i t the 
a v a i l a b i l i t y of nitrogen t o the growing embryo. 
During germination, endopeptidase a c t i v i t y increases 
considerably i n the starchy endosperm (section 1.1.4.1). 
This increase i s regulated by g i b b e r e l l i c acid released 
from the embryo, although the mechanism by which t h i s i s 
achieved i s f a r from clear (Yomo, 1961? Briggs, 1963? 
MacLeod et a l . , 1964). However, i t seems that most, i f not 
a l l the additional endopeptidase a c t i v i t y i s the r e s u l t of 
de novo synthesis i n the aleurone layer? the enzyme i s 
subsequently released i n t o the starchy endosperm (Jacobsen 
& Varner, 1967? Sundblom & Mikola, 1972). 
Carboxypeptidase a c t i v i t y shows a similar increase 
(section 1.3.4.2). Again t h i s seems t o be the r e s u l t of 
secretion from the aleurone layer (Schroeder & Burger, 1978), 
although the scutellum might also be involved (Mikola & 
Kolehmainen, 1972). This process i s not yet understood. 
However, there are indications that i t d i f f e r s from the 
regulation of endopeptidase a c t i v i t y (Schroeder & Burger, 
1978). 
The p o s s i b i l i t y that endopeptidase a c t i v i t y i s regulated 
by protease-inhibitors should also be considered. Barley 
contains both t r y p s i n i n h i b i t o r s (Mikola & Suolinna, 1969? 
Mikola & K i r s i , 1972) and i n h i b i t o r s of various microbial 
proteases (Mikola & Suolinna, 1971). These i n h i b i t o r s have 
no eff e c t on the a c t i v i t y of endogenous barley proteases, 
and t h e i r levels remain r e l a t i v e l y constant throughout 
germination. I t therefore seems u n l i k e l y that they are 
involved i n the regulation of proteolysis ( K i r s i & Mikola, 
1971). However, a t h i r d group of i n h i b i t o r s , also present 
i n barley grains, does i n h i b i t the a c t i v i t y of the endogenous 
proteases (Burger & Siegelman, 1966; K i r s i & Mikola, 1971). 
These i n h i b i t o r s rapidly disappear on germination, i n p a r a l l e l 
with the increase i n p r o t e o l y t i c a c t i v i t y (Mikola & Enari, 
1970). Although the loss of i n h i b i t o r i s too small t o account 
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f o r the massive increase i n p r o t e o l y t i c a c t i v i t y , the 
p o s s i b i l i t y that these i n h i b i t o r s play a rol e i n the i n i t i a l 
regulation of germination cannot be ignored. 
1.3.5 Absorption of Amino Acids and Peptides by the Scutellum 
Although the absorption of sucrose and other sugars by 
the maize scutellum has been studied i n some d e t a i l by 
Humphreys and his co-workers (see Humphreys, 1978), l i t t l e 
i s known about the mechanism(s) by which nitrogenous 
metabolites are absorbed. 
Most amino acids are present i n the storage proteins of 
the endosperm i n approximately the r a t i o s required f o r 
protein synthesis by the embryo, and may therefore be trans-
ported to the embryo unchanged (Jones & Pierce, 1966, 1967b). 
Besides, metabolic interconversions are u n l i k e l y t o occur i n 
the 'dead' starchy endosperm. Thus, unlike dicots (section 
6.6.2.2), nitrogen transport does not seem t o be r e s t r i c t e d 
t o one or two specific amino acids. Only i n the shoots and 
roots of older seedlings, which have begun t o assimilate 
inorganic nitrogen, does glutamine become the predominant 
form of transported nitrogen (Yemm & W i l l i s , 1956; o j i & 
Izawa, 1972; Margaris & T?hanos, 1974). Certain amino acid 
interconversions and transaminations do occur during barley 
germination, but these seem t o occur a f t e r transport and 
w i t h i n the growing embryo (Folkes & Yemm, 1958; Joy & Polkes, 
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1965; Pragnell et a l . , 1969) . 
I t has almost always been assumed t h a t the transfer 
of nitrogen from the endosperm t o the embryo occurs as free 
amino acids. Thus, the p o s s i b i l i t y of peptide uptake by 
the scutellum has never been investigated. However, there 
i s a certain amount of evidence t o indicate that the 
scutellum i s able to absorb free amino acids. 
Isolated monocot embryos are able to absorb and 
u t i l i z e externally supplied amino acids t o support growth 
and pre s i n synthesis (Kent & Brink, 1947? Harris, 1956? 
Folkes, 1959; Oaks & Beevers, 1964? Norstog, 1973). I n 
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addition, ( C)-amino acids may be taken up by isolated 
embryos and incorporated int o protein, although same i n t e r -
conversions may occur w i t h i n the embryo, p r i o r t o 
xncorporation (Joy & Polkes, 1965? Oaks, 1965b? Pragnell 
e£ a l . , 1969). 
I n the only detailed study of the scu t e l l a r absorption 
of amino acids, Stewart (1971) claimed t h a t glutamine uptake 
was a mediated process. Uptake had a broad, acidic pH 
optimum, showed s p e c i f i c i t y f o r L-amino acids and was 
in h i b i t e d by sodium ions. Only c e r t a i n other amino acids 
competed with glutamine f o r uptake, suggesting that a 
number of systems may e x i s t t o accommodate a l l twenty 
protein amino acids. 
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L i t t l e information i s available concerning the 
regulation of nitrogen transfer from the endosperm t o the 
embryo. I t seems that i n barley, apart from the i n i t i a l 
a c t i v a t i o n and synthesis of p r o t e o l y t i c enzymes i n the 
endosperm, there i s l i t t l e or no further regulation of 
nitrogen transfer across the scutellum. Although i n high-
nitrogen strains the absolute rate of nitrogen transfer i s 
increased, t h i s seems to be due t o an improved a v a i l a b i l i t y 
of substrate rather than the a c t i v a t i o n of transport. This 
i n t u rn i s related to the higher concentrations of protein 
i n the endosperm, as opposed to the ac t i v a t i o n of p r o t e o l y t i c 
enzymes (Dale et a l . , 1974; Metevier & Dale, 1977). Although 
the de novo synthesis of amino acids by the embryo i s 
inhi b i t e d by an external supply of amino acids (Joy & Polkes, 
1965; Pragnell et a l . , 1969), there seems t o be l i t t l e or 
no feedback i n h i b i t i o n of nitrogen transfer or peptidase/ 
protease a c t i v i t y , either by accumulated amino acids (Jones 
& Pierce, 1966, 1967b) or externally supplied nitrogen 
(Dale et a l . , 1974). However, i n maize the s i t u a t i o n may 
be d i f f e r e n t ; exogenous amino acids apparently reduce the 
rate of nitrogen loss from the endosperm (Oaks, 1965c) and 
the erribryo can regulate proteolysis (Harvey & Oaks, 1974a,b) . 
Thus, the transfer of nitrogen from the endosperm t o 
the embryo of barley grains during germination i s s t i l l a 
poorly understood process. However, evidence f o r the 
presence of peptides i n the endosperm (section 1.2.3), and 
from the l o c a l i z a t i o n of peptidases (section 1.3.4.5), 
suggests that peptides may be important i n t h i s process. 
This study attempts t o define a r o l e f o r peptides i n the 
absorption of nitrogen by the scutellum and t o characterize 
the transport system(s) involved. 
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CHAPTER 2 
METHODOLOGY: TWO NEW FLUORESCENT-LABELLING 
TECHNIQUES 
FOR MONITORING PEPTIDE TRANSPORT 
2.1 Introduction 
A number of techniques have been developed i n the past 
f o r the study of peptide transport i n both prokaryotes and 
eukaryotes, yet they a l l have considerable l i m i t a t i o n s , 
especially when considered i n r e l a t i o n t o possible studies 
i n higher plants. Methods which have been employed can be 
divided i n t o two broad categories: ( i ) i n d i r e c t methods, 
i n Which an organism's response t o a p a r t i c u l a r peptide i s 
monitored; ( i i ) methods i n which movement of the peptide 
i s monitored d i r e c t l y . 
2.1.1 Indirect Methods 
The most commonly employed i n d i r e c t method f o r studying 
peptide transport has been the growth of amino acid 
auxotrophs of various microorganisms on peptide substrates 
containing the required amino acid. Such methods have been 
employed i n bacteria (Gilvarg & Katchalski, 1965? Payne, 
1968) and both u n i c e l l u l a r (Becker et a l . , 1973) and m u l t i -
c e l l u l a r fungi (Wolfiribarger & Marzluf, 1974). The poor 
s e n s i t i v i t y achieved by such methods may be improved by 
monitoring the synthesis of protein (Payne & B e l l , 1977a) or 
specific enzymes (Cascieri & Mallette, 1974? B e l l et a l . , 
1977) as an alternative t o ov e r a l l growth. However, apart 
from t h e i r lack of s e n s i t i v i t y , such i n d i r e c t methods are 
inherently d i f f i c u l t t o interpret? i t i s generally unclear 
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whether the growth response t o a p a r t i c u l a r peptide i s 
actually representative o f the rate of peptide transport. 
Many other factors such as peptidase a c t i v i t y , amino acid 
metabolism and specific growth promotive/inhibitory 
properties of the peptide could a f f e c t the rate of growth. 
I n the presence of ectracellular peptidases such methods are 
wholly unsuitable. 
In addition, such i n d i r e c t methods are not applicable 
•ho higher plant (or animal) systems. Not only are amino 
acid a-c rotrophs unavailable, but the r e l a t i v e l y slow rates 
of growth make such methods generally impractical; the 
growth of one higher plant, Droaera, on various peptide 
nitrogen sources has been monitored using 6-month incubation 
periods (Simola, 1978b)i 
2.1.2 Direct Methods 
Methods f o r studying peptide transport tiiich allow the 
movement of peptide t o be monitored d i r e c t l y are f a r less 
ambiguous, and generally more sensitive, than the i n d i r e c t 
methods employed; consequently the actual mechanisms of 
transport may be investigated i n more d e t a i l . 
The most widely employed method f o r studying transport 
processes i n both pro- and eukaryotes i s the uptake of 
radioactively labelled substrates. Similar techniques have 
also been applied t o the investigation of peptide transport, 
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f o r example, i n bacteria (de Felice est a l . , 1973; Jackson 
e t a l . , 1976), fungi (Wolfiribarger & Marzluf, 1975b? Becker 
& Naider, 1977) and mammalian tissues (Rubino et a l . , 1971? 
Sleisenger et a l , , 1976). However, although extremely 
sensitive the use of radiotracers has a number of 
l i m i t a t i o n s : 
( i ) I t i s d i f f i c u l t t o monitor uptake and exodus 
simultaneously, 
( i i ) I t i s not possible t o f o l l o w the simultaneous uptake 
of c number of d i f f e r e n t substrates. 
( i i i ) I d e n t i f i c a t i o n of the metabolic products of the 
substrate i s a problem. 
(iv) The rates of peptide transport can often be misleading. 
Transport i s generally monitored by the accumulation of 
r a d i o a c t i v i t y w i t h i n the c e l l . However, since the develop-
ment of the dansyl chloride method (section 2.4.2) i t has 
become apparent t h a t amino acids derived from absorbed 
peptides may undergo rapid exodus. Thus, r a d i o a c t i v i t y w i l l 
be returned t o the medium, often r e s u l t i n g i n a considerable 
underestimate of the rate of peptide uptake. 
(v) Radioactively labelled peptides are essential yet are 
no longer commercially available. 
Other d i r e c t methods have been employed i n mammalian 
systems i n the absence of suitable radioactive peptides. 
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These involve monitoring the disappearance of peptide from 
the incubation medium or the accumulation of peptide (or 
free amino acids derived from i t ) w i t h i n the tissue. 
Peptides and amino acids are separated chromatographically 
and detected using ninhydrin, generally on an automatic amino 
acid analyser (Matthews et a l . , 1968; Burston et a l . , 1972). 
Although such methods are applicable t o m u l t i c e l l u l a r systems 
they suffer from being slow, expensive, and i n p a r t i c u l a r 
from t h e i r poor s e n s i t i v i t y . 
Thv3, i n the absence of any s u i t a b l e techniques which 
might be adapted t o the study of peptide transport i n higher 
plants, two new fluorescence assays, using dansyl chloride 
and fxuorescamine, were developed. The standard procedures 
employed throughout t h i s study are described below. 
Subsequently, the development of these methods, t h e i r 
advantages, disadvantages and a p p l i c a b i l i t y t o other 
situations are discussed. 
2.2 Materials 
Biological Materials: Barley grains (Hordeum vulgare 
L. cv. Maris Otter, Winter), obtained from the National 
Seed Development Organization Ltd., Newton H a l l , 
Cambridge, were used throughout t h i s work unless other-
wise stated. The huskless v a r i e t y , Himalaya, used i n 
certain experiments was the kind g i f t of Dr. D. Burston. 
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Maize (Zea mays L.), oats (Avena sativa L . ) , wheat 
(Triticum aestivum L.) and castor beans (Ricinus 
zanzibariensis) were from the Tyneside Seed Stores Ltd., 
Gateshead, while sorghum (Sorghum bicolor) was provided 
by the Tropical Products I n s t i t u t e , Oxford. 
Peptides and amino acids were a l l of the L-isomer unless 
stated otherwise. Glycylsarcosylsarcosine and g l y c y l -
sarcosylsarcosylsarcosine were the kind g i f t of Prof. 
D.M. Matthews. A l l other peptides and amino acids were 
purchased from Vega-Fox chemicals and Cyclo Chemicals 
(through Cambrian Chemicals, Croydon), Serva and Bachem 
Fine Chemicals (through Uniscience Ltd., Cambridge), 
Sigma (London) Ltd. or B.D.H. (Poole, Dorset). 
Where necessary peptides were checked f o r p u r i t y 
using dansyl chloride (section 2.3.2.1). 
Dansyl chloride and standard dansyl-amino acids were 
purchased from B.D.H. 
Fluorescamine was a g i f t from Dr. P«S. Ringrose, Roche 
Products Ltd., Welwyn Garden City. 
Polyamide sheets were from B.D.H. or Pierce and Warriner 
Ltd. (Chester). 
General Reagents were of anal y t i c a l grade or the highest 
grade commercially available. 
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Instrumentation: Fluorescamine derivatives were quantified 
i n solution using either a Perkin-Elmer 1000 Fluorescence 
Spectrophotometer or a Baird Atomic Fluoripoint Recording 
Spectrofluorimeter, model FP 101. 
Quantification of dansyl derivatives on thin-layer 
chromatograms was performed using an automatic thin-layer 
plate scanner (model FP 115; Baird Atomic) attached t o 
the Fluoripoint spectrofluorimeter. 
2.3 Methods 
2.3.1 Embryo Culture 
Barley grains were wetted f o r 10s i n 70% aqueous ethanol, 
surface s t e r i l i z e d using sodium hypochlorite ( 1 % w/v available 
chlorine) and germinated i n s t e r i l e water (previously saturated 
with oxygen) at 25°C f o r 24 h on a shaker (100 strokes/min). 
When seeds were germinated f o r longer periods the 
s t e r i l e water was replaced with freshly oxygenated water every 
24 h. I n certain experiments (indicated i n the text) barley 
grains were germinated on 'Alkathene' polyethylene granules 
(I.C.I) at 28 C i n a dark spray room, with water misting f o r 
5 min every hour. 
Embryos were separated from the germinated grains and 
six transferred to each incubation tube (225 x 15 mm) containing 
1 ml of pre-oxygenated medium. Incubations were at 25°C on a 
shaker (100 strokes/min). Incubation media consisted of 50 mM 
sodium phosphate:citric acid buffer (Mcllvaine, 1921), pm 3 #8, 
containing the appropriate peptide, amino acid or other 
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supplements. I n certain experiments (especially where 
only small amounts of peptide were available) only three 
embryos were used per incubation tube (75 x lOOmm) 
containing 0.5 ml of medium. Results obtained were 
essentially the same as with larger volumes though s l i g h t l y 
less reproducible. 
Standard incubation periods employed were 6-8h. 
2.3.2 Monitoring Peptide Uptake 
Three basic methods were used to monitor peptide uptake. 
Disappearance of peptide from the incubation medium was 
followed using either dansyl chloride or fluorescamine t o 
determine peptide concentrations. I n addition, barley 
embryo extracts were analysed using dansyl chloride to 
determine the accumulation of i n t a c t peptide, or of amino 
acids derived from the peptide by hydrolysis. 
2.3.2.1 Dansyl Chloride Procedure 
The medium was sampled at regular int e r v a l s throughout 
incubation and the peptide concentration determined as 
follows: Samples (normally 20 \xl) were d i l u t e d appropriately 
with d i s t i l l e d water, aliquots (20 containing 1-5 nm of 
peptide) added t o Durham tubes (6 x 30 mm) together with an 
ornithine standard (10 J A 1 ; 0.125 mM), and evaporated i n 
vacuo. Sodium bicarbonate (200 mM i n deionized water? 25 [xl) 
was added to each tube, followed by an equal volume of dansyl 
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chloride (2.5 mg/ml i n acetone), t o g i v e a f i n a l reaction 
pH of about 9.5. The tubes were sealed with s i l i c o n e 
rubber stoppers and incubated at 45°C f o r 1 h. Once 
dansylated, the mixture was evaporated t o dryness _in vacuo 
and the residue dissolved i n aqueous pyridine (1:1 v/v; 
2 
20 nl) . Samples (4 | i l ) were spotted on to 15 cm polyamide 
sheets and chromatographed f o r about 45 min i n each of the 
following solvent systems, i n the order given: ( i ) 1st 
dimension, H 20:formic acid (98.5:1.5, v/v); ( i i ) 2nd 
:.on, acetic acid:toluene (10:90, v/v); ( i i i ) 2nd 
dimensxon, metharDl:butyl acetate:acetic acid (40:60:2, v / v ) ; 
f i n a l l y chromatograms were r e r u n i n the 1st dimension i n 
solvent ( i ) . Chromatograms were viewed under UV l i g h t 
and the derivatives i d e n t i f i e d and quantified by comparing 
the fluorescence i n t e n s i t y of each spot with that of known 
standards of the same compound- A permanent record of each 
plate was made by photographing under UV l i g h t using I l f o d a t a 
HS 23 f i l m ( I l f o r d ) and a Wratten No. 3 f i l t e r (Kodak). 
Plates were reused a f t e r washing f o r 3 h i n acetone:water: 
880 ammonia (50:46:4, v/v). 
2.3.2.2. Fluorescamine Procedure 
At appropriate time in t e r v a l s throughout incubation, 
samples (usually 25 \xl, containing 0-50 nm of peptide) were 
withdrawn from the medium and added t o 2.5 ml of sodium 
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tetraborate (0.1 M i n deionized water; adjusted to pH 6.2 
with HC1). Pluorescamine (0.5 ml; 0.15 mg/ml acetone) 
was added, while mixing rapidly on a vortex mixer, and the 
fluorescence y i e l d determined using e x c i t a t i o n and emission 
wavelengths of 390 nm and 480 nm respectively. The 
concentration of peptide i n each sample could be calculated 
from the fluorescence y i e l d . 
2.3.2.3 Embryo Extraction 
After incubation with the appropriate peptide, embryos 
were washed rapidl y with 50 ml d i s t i l l e d water, b l o t t e d dry, 
o 
weighed and extracted at 100 C f o r 20 min with acetic acid 
(5 M; 1 ml) i n a stoppered tube t o prevent evaporation. 
Prior t o b o i l i n g , ornithine (20 \xl: 2 mM) was added t o each 
tube as an i n t e r n a l standard t o check the e f f i c i e n c y of 
extraction and dansylation. The extract was cooled, 
centrifuged (1500 g; 5 min) and samples of the supernatant 
solution (usually 20-50 \xl) dansylated and chromatographed 
as described above (section 2.3.2.1). 
2.4 Discussion 
2.4.1 Embrvo Culture 
S t e r i l e Procedures. Although barley grains were 
germinated under s t e r i l e conditions, special precautions t o 
maintain s t e r i l i t y during incubation were shown t o be unnecessary; 
interference from contaminating microorganisms was n e g l i g i b l e . 
Thus, the r a t e of peptide uptake was i d e n t i c a l whether 
embryo e x c i s i o n and incubation were performed i n the open 
laboratory or i n a u v s t e r i l i z e d room using p r e s t e r i l i z e d 
incubation media. Moreover, i n the absence of b a r l e y embryos, 
peptide uptake from incubation media exposed to the atmosphere 
was indetectable during standard incubation periods (8 h ) , 
Embryo E x c i s i o n . E l e c t r o n microscopy was used to confirm 
that no v i s i b l e damage i s caused to the s c u t e l l a r e p e t h e l i a l 
^ l l s during e x c i s i o n (see figure 4.5, s e c t i o n 4.3.5). 
Oxygenation of the Medium. Preliminary experiments 
showed that r e p r o d u c i b i l i t y was g r e a t l y improved by 
saturating the imbibition and incubation media with oxygen 
immediately p r i o r to use. However, a continuous supply of 
oxygen throughout incubation was found to be unnecessary; 
i t did not a f f e c t the r a t e of peptide uptake. 
Incubation Conditions. Sodium phosphate:citric a c i d 
buffer (50 mM, pH 3.8) was found to be optimal for transport 
(section 3.1.3.9) and therefore employed unless otherwise 
stated. 
Preliminary experiments showed that for embryos 
dissected from grains germinated for 6-72 h, uptake of G l y -
Sar over a 5 h incubation period ( i n terms of \xxa/g f r e s h wt) 
remains r e l a t i v e l y constant. Thus, for convenience, 24 h 
embryos were r o u t i n e l y employed; younger embryos were 
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d i f f i c u l t to d i s s e c t from the endosperm, older ones had 
root and shoot systems which were both cumbersome and 
e a s i l y damaged. 
Embryo e x t r a c t i o n . Washing, p r i o r to e x t r a c t i o n , seemed 
to be e f f i c i e n t . Peptides which are not transported by the 
b a r l e y embryo (e.g. peptides containing D-amino a c i d 
residues; s e c t i o n 3.2.5) were not detected i n embryo 
e x t r a c t s . Moreover, preliminary experiments showed that 
the rapid washing procedure employed does not r e s u l t i n 
ani s i g n i f i c a n t l o s s of accumulated peptide or amino aci d 
from the embryo. 
o 
E x t r a c t i o n was i n i t i a l l y performed at 100 c with 10% 
TCA. E x t r a c t i o n was e f f i c i e n t ; a f t e r 10 min the recovered 
amino a c i d pool was i d e n t i c a l with the pool obtained a f t e r 
60 min when the embryo had completely d i s i n t e g r a t e d . However, 
TCA was d i f f i c u l t to remove i n vacuo p r i o r to dansylation. 
In addition, debris from the embryo, which dis i n t e g r a t e d 
during e x t r a c t i o n , often i n t e r f e r e d with subsequent dansylation 
and chromatography of the e x t r a c t s . A c e t i c a c i d was found to 
be an equally e f f i c i e n t extractant but with two advantages 
over TCA j i t was more r e a d i l y removed p r i o r to dansylation 
and i t caused l i t t l e or no d i s i n t e g r a t i o n of the embryo. 
Several diverse peptides were tested for t h e i r s o l u b i l i t y 
i n 5 M a c e t i c a c i d a t the maximum l e v e l s that might be 
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accumulated by b a r l e y embryos; a l l were soluble. I n 
addition, the e x t r a c t i o n procedure caused no detectable 
h y d r o l y s i s of any peptide t e s t e d . 
E x t r a c t i o n r e s u l t s i n considerable deamidation of both 
glutamine and asparagine. T h i s must be borne i n mind when 
considering the endogenous amino aci d pool or the uptake of peptides 
containing these two amides. 
2.4.2 Dansyl Chloride Procedure 
Dansyl c h l o r i d e (l-dimethylamino-na^athalene-5-
sulphoiv 1 chloride) r e a c t s with primary and secondary amino 
groups to form fluorescent sulphonamide d e r i v a t i v e s . This 
r e a c t i o n i s now r o u t i n e l y employed i n protein sequencing 
and a number of chromatographic methods for the separation 
and i d e n t i f i c a t i o n of dansyl-amino acids have been developed 
(see S e i l e r , 1970, for a general review). 
Dansyl chloride a l s o r e a c t s .with thfe *c-amino groups of 
small peptides. I t was found that these d e r i v a t i v e s could 
a l s o be s u c c e s s f u l l y separated and i d e n t i f i e d by two-
dimensional t h i n - l a y e r chromatography, and accurately 
quantified from the i n t e n s i t i e s of the f l u o r e s c e n t spots. 
Thus, the dansyl c h l o r i d e r e a c t i o n can be used to determine 
the concentration of any p a r t i c u l a r peptide i n s o l u t i o n , and 
therefore provides a s u i t a b l e means of monitoring peptide 
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disappearance from the incubation medium. I n addition, the 
e x c e l l e n t separation of dansyl-amino acids and peptides t h a t 
can be achieved allows c e l l e x t r a c t s to be examined, not 
only to monitor the accumulation of a peptide (or amino 
acids derived from i t ) , but a l s o to study the 
s i z e , composition and changes i n the f r e e amino a c i d pool. 
A number of photographs of t y p i c a l chromatograms are 
presented throughout t h i s t h e s i s . Thus, fi g u r e s 3.11 and 
3.23 each show a s e r i e s of chromatograms i l l u s t r a t i n g the 
disappearance of peptide from the incubation medium. 
S i m i l a r l y figure 3.15 shows chromatograms of dansylated 
ba r l e y e x t r a c t s , i l l u s t r a t i n g both the endogenous amino a c i d 
pool, and the i n t a c t uptake of c e r t a i n peptides. However, 
i t should be emphasized that these black and white photographs 
are rather poor representations of the r e a l chromatograms. 
2.4.2.1 Dansvlation Reaction 
The methods employed (section 2.3.2.1) were adapted 
from Hartley (1970). I n order to obtain s u i t a b l e fluorescence 
i n t e n s i t i e s for subsequent q u a n t i f i c a t i o n , between 0.5 and 
5 nm of any s i n g l e amino a c i d or peptide were dansylated. 
The method i s therefore extremely s e n s i t i v e , a t l e a s t two 
orders of magnitude b e t t e r than nirihydrin. 
A large excess of dansyl chloride must be employed i n 
order to obtain a q u a n t i t a t i v e r e a c t i o n with peptides. Thus, 
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i n c e r t a i n s i t u a t i o n s (e.g. c e l l e x t r a c t s ) where large 
amounts of dansyl-reactive compounds were known to be 
present, the amount of dansyl chloride was increased 
accordingly. 
The pH a t which the dansylation r e a c t i o n i s performed 
i s important i f q u a n t i t a t i v e y i e l d s are to be obtained 
(Hartley, 1970). The r e a c t i o n pH was checked r o u t i n e l y , 
although only during the dansylation of c e l l e x t r a c t s was 
r problem ever incurred. Care had to be taken to remove a l l 
traces of extractant (TCA or a c e t i c acid) p r i o r to 
dansylation. 
2.4.2.2 Chromatographic Separation and I d e n t i f i c a t i o n 
Dansyl d e r i v a t i v e s were separated by two-dimensional 
2 
t h i n - l a y e r chromatography on 15 cm polyamide sheets (Woods 
& Wang, 1967) using three separate solvent systems (Ramshaw 
et a l . , 1970). Chromatography i n the f i r s t dimension often 
gave poor r e s o l u t i o n due to r e t a r d a t i o n by debris present a t 
the o r i g i n . Plates were therefore r o u t i n e l y rerun i n the 
f i r s t solvent, r e s u l t i n g i n more regular, and consequently 
more e a s i l y q u a n t i f i a b l e spots. I n samples where considerable 
debris (e.g. i n s o l u b l e p r o t e i n and s a l t s ) was present, the 
insoluble m a t e r i a l was removed by c e n t r i f u g a t i o n (10,000 g 
for 2 min) immediately p r i o r to spotting. 
- 79 -
I n c e r t a i n circumstances, where accurate q u a n t i f i c a t i o n 
2 
was not e s s e n t i a l , 5 cm polyamide sheets were employed? 
only 1-2 minutes were then required i n each solvent, 
allowing the r a p i d a n a l y s i s of many samples. 
I d e n t i f i c a t i o n of dansylated compounds can be 
f a c i l i t a t e d by comparing t h e i r mobility with a range of 
standard dansyl-amino acids run on the reverse of the poly-
amide sheet. The colour of spots i s a l s o an a i d to 
i d e n t i f i c a t i o n * While most dansyl-amino aci d s f l u o r e s c e 
green, the h i s t i d i n e d e r i v a t i v e i s orange, ty r o s i n e yellow, 
and dansyl-NH 2 and -OH blue. C e r t a i n dansyl-peptides a l s o 
f l u o r e s c e a t unusual wavelengths. 
Figure 2.1 shows a t y p i c a l separation of dansyl amino 
acids (from a b a r l e y embryo ext r a c t ) a f t e r chromatography 
i n a l l three s o l v e n t s . However, c e r t a i n groups of amino 
acids are more e a s i l y resolved a f t e r separation i n the f i r s t 
two solvents only. These amino acids ( p r o l i n e / v a l i n e / 
y -aminobutyric a c i d ; l e u c i n e / i s o l e u c i n e ) were r o u t i n e l y 
estimated p r i o r to running i n the t h i r d solvent. 
The chromatographic locations of various dansyl amino 
acids a f t e r separation i n the f i r s t and second solvents only, 
and a f t e r a l l three solvents, are shown diagrattmatically i n 
f i g u r e s 2.2 and 2.3 r e s p e c t i v e l y . The positions to which 
dansyl d e r i v a t i v e s of the peptides used i n t h i s study 
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chromatograph, a f t e r a l l three solvents, are shown i n 
appendix 2. 
2.4.2.3 By-Products 
Two main by-products are produced during the dansylation 
r e a c t i o n . The r e a c t i o n of excess reagent with water to form 
dansyl hydroxide i s unavoidable but fortunately presents no 
problems; t h i s d e r i v a t i v e i s r e a d i l y separated from a l l 
dansyl-amino ac i d s and peptides during chromatography, 
lowever, the dansyl-NH 2 d e r i v a t i v e , formed by r e a c t i o n with 
ammor^ , chromatographs i n the region of p r o l i n e and v a l i n e 
and, i f present i n large q u a n t i t i e s , can i n t e r f e r e both with 
the estimation of these amino acids and c e r t a i n dansyl-
peptides. This problem can generally be avoided by ensuring 
the removal of a l l ammonia i n vacuo p r i o r to dansylation, 
and using f r e s h l y deionized water for the bicarbonate b u f f e r . 
C e r t a i n amino acids have side chains which form 
d e r i v a t i v e s with dansyl chloride (e.g. L y s , H i s , T y r ) ? thus, 
the b i s - d a n s y l d e r i v a t i v e s w i l l normally be detected. 
However, i f these amino acids are present i n a peptide 
(except a t the N-terminus) the mono-derivatives w i l l form 
(e.g. € - d a n s y l - l y s i n e ) . These may be detected a f t e r a c i d 
h y d r o l y s i s of the peptide.(see appendix 2 ) . 
Glutamine and asparagine are detected i n t a c t a f t e r 
dansylation. Deamiaation to the corresponding a c i d aoes not 
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occur (G. B e l l , personal communication). 
2.4.2.4 Q u a n t i f i c a t i o n 
The fluorescence i n t e n s i t y of spots r e s u l t i n g from the 
chromatographic separation of dansyl d e r i v a t i v e s has been 
used previously for q u a n t i t a t i v e purposes ( S e i l e r , 1970). 
However, such separations have generally been performed on 
s i l i c a g e l which has c e r t a i n inherent problems. Drying i s 
c r i t i c a l a s i t can cause the fluorescence to fade r a p i d l y . 
C no;aerable fading i s a l s o observed on storage. The 
present use of polyamide sheets overcomes these problems. 
L i t t l e or no fading occurs e i t h e r during drying or subsequent 
storage (for a t l e a s t a month, i n the dark). 
V i s u a l estimation of fluorescence intensity, by 
comparison with known standards, was used r o u t i n e l y and 
found to be accurate to within ± 5-10% (under most circumstances). 
The v a l i d i t y of v i s u a l estimation was confirmed using an 
automatic t h i n - l a y e r scanner attached to a recording spectro-
fluorimeter (using e x c i t a t i o n and emission wavelengths of 
340 nm and 485 nm r e s p e c t i v e l y ) . For c e r t a i n experiments 
where greater accuracy was required, the t h i n - l a y e r scanner 
was used e x c l u s i v e l y . Further confirmation that v i s u a l 
estimation i s meaningful has been obtained using t r i t i a t e d 
d&nsyl c h l o r i d e . Estimation of the r a d i o a c t i v i t y present i n 
each spot (using a Panax t h i n - l a y e r scanner RTLS-1A) 
corresponded a c c u r a t e l y with the fluorescence determined 
v i s u a l l y (Payne & B e l l , 1979). 
Ornithine was s e l e c t e d as a s u i t a b l e i n t e r n a l standard 
for checking the e f f i c i e n c y of e x t r a c t i o n and dansylation, 
as i t i s absent from b a r l e y e x t r a c t s . I n addition, dansyl-
ornithine i s r e a d i l y separated from most dansyl-peptides, 
giving a uniform, and therefore e a s i l y q u a n t i f i a b l e spot. 
Most amino a c i d s give a s i m i l a r quantum y i e l d with 
da. r y l c h l o r i d e (Hartley, 1970). However, the quantum 
y i e l d achieved with any given peptide depends upon i t s 
s t r u c t u r e . Thus, q u a n t i f i c a t i o n was always performed with 
reference to known standards of the same peptide. Most amino 
acids and peptides were r e a d i l y estimated by these means. 
However, dansyl-arginine and c e r t a i n l a r g e r peptide 
d e r i v a t i v e s (e.g. dansyl-pentaglycine) chromatograph c l o s e 
to the solvent f r o n t and often give uneven spots or are 
obscured by debris c a r r i e d with the solvent f r o n t . S i m i l a r l y 
c e r t a i n peptides (e.g. Gly-Asp) may be obscured by the dansyl-
hydroxide spot. I f necessary t h i s d i f f i c u l t y could be over-
come by employing d i f f e r e n t solvent systems. 
The standard dansyl c h l o r i d e procedure i s often 
unsuitable f o r studying the uptake of peptides with sub-
s t i t u t e d a-amino or a-carboxyl groups. However, the assay 
can be adapted to overcome some of these problems; t h i s i s 
d e a l t with elsewhere ( s e c t i o n 3.2.1.1). 
2.4.2.5 Conclusions 
The dansyl c h l o r i d e procedure provides a r a p i d and 
extremely s e n s i t i v e method f o r monitoring peptide t r a n s p o r t . 
I t does not require l a b e l l e d substrates and i t s high 
s e n s i t i v i t y e n t a i l s the use of only very small amounts of 
otherwise expensive peptides. 
However, the p r i n c i p a l advantage of t h i s method i s the 
extra information a v a i l a b l e ( i n addition to the s t r a i g h t -
forward r a t e of peptide uptake), which cannot e a s i l y be 
obtained by other current procedures: 
( i ) The degree to which a peptide i s hydrolysed and the 
s i t e of h y d r o l y s i s . 
( i i ) The metabolic f a t e of peptide-derived amino a c i d s . 
In b a r l e y (sections 3.1.3.1; 3.1.3.4) and b a c t e r i a (Payne 
& B e l l , 1977b) rapi d and s p e c i f i c metabolism of c e r t a i n 
amino aci d s i s evident. 
( i i i ) Amino a c i d exodus. I t i s now c l e a r that i n b a r l e y 
( s e c t i o n 3.1.3.5) and b a c t e r i a (Payne & B e l l , 1977b, 1979) 
rapid exodus of amino a c i d s , derived from absorbed peptides, 
can occur. This has a number of implications f o r the 
r e g u l a t i o n of peptide transport (Payne & B e l l , 1977c) and 
the use of r a d i o t r a c e r s to monitor peptide uptake. The 
dansyl c h l o r i d e procedure allows uptake and exodus to be 
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monitored simultaneously. 
The dansyl c h l o r i d e method would seem to be s u i t a b l e 
f o r s tudies of peptide transport i n most, i f not a l l , o t h e r 
organisms. Indeed, the method has already been s u c c e s s f u l l y 
adapted f or use i n both b a c t e r i a (Payne & B e l l , 1979) and 
yeast (Nisbet & Payne, 1979a). 
2.4.3 Fluorescamine Procedure 
During incubation of b a r l e y (and other organisms) with 
a peptide, f r e e amino aci d s may appear i n the incubation 
medium, e i t h e r as a r e s u l t of peptide uptake, h y d r o l y s i s and 
exodus, or the general leakage of endogenous amino a c i d s 
(s e c t i o n 3.1.3.5). As most reagents f o r the assay of 
peptides r e a c t equally w e l l with f r e e amino aci d s (e.g. 
ninhydrin, dansyl c h l o r i d e ) , a time-consuming separation 
step must be included i n order to study the uptake of a 
peptide by monitoring i t s disappearance from the incubation 
medium. However, under c e r t a i n conditions fluorescamine, a 
fluorogenic reagent f o r primary amines, w i l l r e a c t with 
peptides y e t give n e g l i g i b l e fluorescence with f r e e amino 
a c i d s . This property was exploited i n the development of a 
rapid and s e n s i t i v e assay f o r peptide transport. 
Fluorescamine (4-phenylspiro- (furan-2(3H), 1 '-phthalan) -
3,3'-dione) was f i r s t introduced as a reagent f o r the 
fluorometric assay of amines (Weigele e t a l . , 1972; 
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Udenfriend e t a l . , 1972). I t r e a c t s r a p i d l y and s p e c i f i c a l l y 
with primary amino groups to form a fluo r e s c e n t d e r i v a t i v e ; 
excess reagent i s hydrolysed to y i e l d non-fluorescent, water-
soluble products. Ammonia gives no s i g n i f i c a n t fluorescence 
y i e l d . 
The mechanism of the fluorescamine r e a c t i o n i n aqueous 
s o l u t i o n i s not yet f u l l y understood although i t has been 
inve s t i g a t e d i n some d e t a i l (de Bernardo et a l . , 1974; 
S t e i n e t a l . , 1974; Chen e t a l . , 1978). The r e a c t i o n 
conditions can have a considerable influence on the 
fluorescence y i e l d ; r e a c t i o n i s e s p e c i a l l y dependent upon 
pH (Udenfriend e t a l . f 1972). This i s due, a t l e a s t i n 
part, to the degree of protonation of the primary amino 
group; fluorescamine only seems to r e a c t with the non-
protonated moiety. As peptide cc-amino groups generally have 
a considerably lower pK than those of fr e e amino a c i d s , i t 
i s apparent t h a t a t a s u i t a b l y low pa only peptides w i l l 
give a s i g n i f i c a n t fluorescence y i e l d . Thus, peptides may 
be assayed, even i n the presence of contaminating amino 
a c i d s . 
The r e a c t i o n conditions employed (see s e c t i o n 2.3.2.2) 
were based upon P e r r e t t e t a l . (1975). C e r t a i n precautions 
were found to be necessary i n order to obtain reproducible 
r e s u l t s : 
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( i ) 'Analar' acetone was used to prepare stock s o l u t i o n s 
of fluorescamine. Pluorescamine was unstable i n 'reagent 
grade 1 acetone, presumably because of the r e l a t i v e l y high 
water content. I n addition, smaller and more reproducible 
reagent blanks were obtained. 
( i i ) Borate buffer was prepared i n deionized, d i s t i l l e d 
water. 
( i i i ) Glassware was thoroughly cleaned (chromic acid) and 
ri n s e d i n deionized water. 
( i v ) Rapid mixing was e s s e n t i a l during the addition of 
fluoreacamine to the sample to be analysed. 
Resu l t s are expressed i n a r b i t r a r y u n i t s of fluorescence 
y i e l d . The fluorescence y i e l d for a given amount of peptide 
v a r i e d somewhat between experiments (although was of course, 
constant w i t h i n any s i n g l e experiment) as a r e s u l t of 
v a r i a t i o n s i n the concentration of fluorescamine reagent, 
made up f r e s h l y each day. However, under standard conditions 
(s e c t i o n 2.3.2.2), 100 nm of d i g l y c i n e gives a fluorescence 
y i e l d of about Z-7,500. For comparison, a l jig/ml 
s o l u t i o n of quinine sulphate i n 0.2M H 2 S ° 4 Si v e s a fluorescence 
y i e l d of 5820 using a 1 cm path length. 
2.4.3.1 Optimum pH f o r the Assay of Peptide Transport 
Fluorescamine r e a c t s optimally with amino aci d s and 
peptides a t about pH 9.0 and pH 8.0 r e s p e c t i v e l y , depending 
upon the p a r t i c u l a r amines employed. While reduction of 
the assay pH from pH 8.0 to 6.0 increases the r a t i o of 
the y i e l d obtained with s i m i l a r q u a n t i t i e s of peptide and 
amino a c i d , the o v e r a l l s e n s i t i v i t y of the assay i s 
decreased ( P e r r e t t e t a l . , 1975). Clearly, an appropriate 
balance must be achieved between these two opposing e f f e c t s . 
Figure 2.4 shows the e f f e c t of varying buffer 
pH on the fluorescence y i e l d with dialanine and a l a n i n e . 
The r a t i o of y i e l d s i s optimal (about 40:1) between pH 6.2 
and 6.8 i n c l u s i v e . Although the higher pH gives improved 
s e n s i t i v i t y , for s e v e r a l reasons pH 6.2 was s e l e c t e d as most 
appropriate f o r assaying peptide transport i n b a r l e y : 
( i ) The s e n s i t i v i t y a t pH 6.2 i s s t i l l p e r f e c t l y adequate 
for the peptide concentrations employed. 
( i i ) C e r t a i n amino acids do give a s i g n i f i c a n t fluorescence 
y i e l d a t low pH ( s e c t i o n 2.4.3.5). As the exodus of f r e e 
amino acids from b a r l e y embryos i s often quite considerable, 
the lower pH (pH 6.2) reduces any i n t e r f e r e n c e to a minimum. 
( i i i ) Other compounds (probably protein) leaching from 
b a r l e y eiabryos during incubation a l s o give a s i g n i f i c a n t 
fluorescence y i e l d with fluorescamine ( s e c t i o n 2.4.3.7) # 
Again t h i s i n t e r f e r e n c e i s minimized a t pH 6.2. 
I t must be noted that, although pH 6.2 was most 
appropriate f o r b a r l e y , i n c e r t a i n circumstances i t might be 
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Figure ?A: Eff e c t of Assay pH on the Reaction 
of Fluorescamine w i t h Alanine and Dialaninp 
lOnm of alanine (o) or dia l a n i n e (x) 
were assayed under standard conditions 
( s e c t i o n 2.3-2.2) w i t h the pH of the 
borate b u f f e r adjusted a p p r o p r i a t e l y , 
using cone. HC1- Each value i s the 
average of three separate determina-
t i o n s . Bars show the range of values 
obtained. 
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advantageous to employ a higher assay pH: 
( i ) I f greater s e n s i t i v i t y i s required, 
( i i ) I n studies on organisms where amino a c i d exodus i s 
minimal (e.g. y e a s t ; T.M. Nisbet, personal communication). 
( i i i ) To assay the uptake of those peptides whose 
constituent amino a c i d s , i f they undergo exodus, do not 
r e a c t w e l l with fluorescamine, even a t pH 6.8. 
2.4.3.2 Buffer Composition 
Although borate i s most commonly employed as the b u f f e r 
i n the .fluorescamine r e a c t i o n , under c e r t a i n conditions 
phosphate i s known to give an improved r e a c t i o n r a t e with 
primary amines, as w e l l as reduce the r a t e of reagent 
h y d r o l y s i s ( S t e i n e t a l . , 1974). I n addition, the concentration 
of buffer ions can a f f e c t the fluorescence y i e l d . 
Figure 2.5 shows the e f f e c t s of varying concentrations 
of both borate and phosphate buffer on the fluorescence y i e l d 
obtained with d i a l a n i n e . C l e a r l y , the greatest s e n s i t i v i t y 
a t pK 6.2 i s achieved with 0.1 M tetraborate. I n no case was 
a s i g n i f i c a n t r e a c t i o n with amino acids obtained. I n t e r e s t i n g l y , 
unlike borate, the fluorescence y i e l d i n phosphate increases 
as the buffer concentration i s decreased, although the 
s e n s i t i v i t y never reaches t h a t of borate; lower phosphate 
concentrations are unsuitable as the b u f f e r i n g capacity i s 
i n s u f f i c i e n t . 
0 005 0-10 015 0-20 
Buffer Concentration (M) 
F i f f l r e 2^Sj Effect of Buffer Composition ^nri 
Concentration on the Fluorescamine Reaction 
lOnm of dialanine was assayed by the 
fluorescamine method using e i t h e r 
phosphate (•) or t e t r a b o r a t e (•) 
buf f e r s of varying concentration, 
each adjusted to pH 6.2. Each value 
i s the average of three separate 
determinations. Bars show the range 
of values obtained. 
2*4.3.3 Fluorescamine Concentration 
The fluorescence y i e l d obtained with d i a l a n i n e 
i n c r e a s e s as the concentration of the added fluorescamine 
reagent i s increased (figure 2.6). Although a t f i r s t s i g h t 
t h i s might suggest t h a t under standard assay conditions 
(0.15 mg f luorescamine/ml) fluorescamine becomes l i m i t i n g , 
t h i s cannot be the case; increasing the dialanine con-
c e n t r a t i o n a l s o gives an increased fluorescence y i e l d 
( s e c t i o n 2.4.3.4). I t seems that for a given amount of 
fluorescamine only a very small, though constant, proportion 
of peptide (or other amino compound) r e a c t s to form a 
fluo r e s c e n t d e r i v a t i v e . Any increase i n fluorescamine 
concentration a f f e c t s the fluorescence y i e l d simply by 
in c r e a s i n g the proportion of peptide which r e a c t s . The 
reasons for t h i s are s t i l l unclear (Chen e t a l . , 1978). 
Thus, the s e n s i t i v i t y of the fluorescamine r e a c t i o n 
can be increased by i n c r e a s i n g the reagent concentration. 
However, for present purposes, a r e l a t i v e l y low reagent 
concentration was s e l e c t e d as s u i t a b l e : 
( i ) S e n s i t i v i t y was s t i l l adequate; a l i n e a r response 
was obtained over the required peptide concentration range 
(s e c t i o n 2.4.3.4). 
( i i ) Fluorescamine i s expensive. 
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Figure 2.6: E f f e c t of Fluorescamine 
Concentration on the Fluorescence 
Y i e l d w i t h Dialanine 
Assays were performed under standard 
conditions (section 2.3*2.2), using 
lOnm d i a l a n i n e . Each value i s the 
average of three separate determina-
t i o n s . Bars show the range of values 
obtained. 
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( i i i ) Quenching can occur i n the presence of excess 
reagent, probably due to the presence of h y d r o l y s i s 
products (de Bernardo e t a l . , 1974). 
2.4.3.4 Peptide and Amino Acid Concentration 
A l i n e a r r e l a t i o n s h i p i s observed between peptide 
concentration and fluorescence y i e l d , a t l e a s t up to 100 nm 
of peptide; approximate l i n e a r i t y i s maintained with up to 
250 nm (figure 2.7). Thus, the amounts of peptide assayed 
during transport studies (generally l e s s than 50 nm) are 
w e l l w i t h i n the l i n e a r range. 
Under the same conditions (pH 6.2), most free amino a c i d s 
give no s i g n i f i c a n t r e a c t i o n . I n addition, an i d e n t i c a l 
fluorescence y i e l d with d i g l y c i n e or t r i a l a n i n e i s obtained 
when the assay i s performed i n the presence of an equal 
amount of f r e e alanine. Thus, not only do amino aci d s f a i l 
to r e a c t , they a l s o do not i n t e r f e r e with the r e a c t i o n 
between fluorescamine and peptides (although see below). 
2.4.3.5 In t e r f e r e n c e from Free Amino Acids 
Most f r e e amino acids were found to give l e s s than 3% 
of the fluorescence y i e l d of an equivalent amount of 
peptide under standard conditions. Thus, even i f a dipeptide 
i s absorbed, hydrolysed, and the r e s u l t a n t amino aci d s are a l l 
released to the medium, the e r r o r i n the estimated r a t e of 
peptide uptake due to the r e l e a s e d amino acids w i l l s t i l l 
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Figure 2.7: Effect of Peptide and Amino Acid 
Concentration on Fluorescence Y i e l d 
Fluorescaminr assays were performed 
under standa 1 conditions (section 
2.3.2.2) w i t varying concentrations 
of alanine ( * ) , d i g l y c i n e (•) or 
t r i a l a n i n e ( • ) . Each value i s an 
average of three separate determina-
t i o n s . 
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be l e s s than 6%. 
However, two amino a c i d s , phenylalanine and h i s t i d i n e , 
do give a s i g n i f i c a n t fluorescence y i e l d . Unlike most 
primary amines the y i e l d increases for s e v e r a l minutes 
a f t e r mixing ( r e a c t i o n i s normally complete w i t h i n a few 
seconds). No explanation can be offered for t h i s behaviour, 
although i t i s c l e a r t h a t care must be taken i n i n t e r p r e t i n g 
the r e s u l t s of uptake studies involving peptides containing these 
wc amino a c i d s . 
2.4.3.6 Secondary Amines 
Secondary amines, including p r o l i n e , prolyl-peptides 
and N-methylated peptides, do not form a f l u o r e s c e n t 
d e r i v a t i v e with fluorescamine (although they may be assayed 
a f t e r chemical conversion to primary amines; Weigele e t a l . , 
1973). Thus, i t i s not possible to monitor the uptake of 
peptides with a secondary amino group using the standard 
fluorescamine procedure• 
However, not only do secondary amines f a i l t o form a 
fluo r e s c e n t d e r i v a t i v e with fluorescamine, they a l s o i n t e r f e r e 
with the r e a c t i o n between fluorescamine and primary amines 
(table 2.1). I t was shown t h a t t h i s i n t e r f e r e n c e was not the 
r e s u l t of quenching, e i t h e r by the secondary amines themselves 
or by any non-fluorescent d e r i v a t i v e they might form with 
fluorescamine. I t therefore seemed l i k e l y t h a t secondary 
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T a b l e £JJ Effect of Secondary Amines on 
the Fluorescamine Reaction 
Pentide(s) Fluorescence Y i e l d 
Ala-Ala-Ala (50nm) 15,800 
Sar-Gly-Gly (500nm) -20 
Pro-Gly (500nm) -11 
Ala-Ala-Ala (50nm) + Sar-Gly-Gly (500nm) 6,050 
Ala-Ala-Ala (50nm) + Pro-Gly (500nm) 200 
Gly-Gly (50nm) l*+,500 
Pro (50nm) -30 
Pro-Gly-Gly (50nm) -10 
Gly-Gly (50nm) + Pro (50nm) 12,900 
Gly-Gly (50nm) + Pro-Gly-Gly (50nm) 12,100 
Assays were performed under standard conditions ( s e c t i o n 
2.3*2.2)• Each value i s an average of three separate 
determinations. 
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amines i n t e r f e r e with the r e a c t i o n between fluorescamine 
and primary amines by s u c c e s s f u l l y competing for reagent. 
Results obtained from studies on the e f f e c t of varying 
Sar-Gly-Gly concentrations on the fluorescence y i e l d 
achieved with t r i a l a n i n e ( f i g . 2.8) are a l s o compatible 
with t h i s idea, and further support i s provided by the 
known a b i l i t y of p r o l i n e to r e a c t extremely r a p i d l y with 
fluorescamine to form non-fluorescent d e r i v a t i v e s (Toome & 
Manhart, 1975; Chen e t a l . , 1978). 
Thus, not only i s i t impossible to assay the transport 
of p r o l y l - or N-methylated peptides using the fluorescamine 
procedure, but care must a l s o be taken when employing 
fluorescamine i n conditions where p r o l i n e or other secondary 
amines might be present (see a l s o s e c t i o n 3.2.1.1). 
2.4.3.7 Exodus from Barley Embryos 
During incubation a c e r t a i n amount of fluorescamine-
r e a c t i v e m a t e r i a l leaches from the barley embryo. The f r e e 
amino acids appearing i n the medium are i n s u f f i c i e n t to 
account for a l l t h i s r e a c t i v i t y ; i t i s p o s s i b l e t h a t proteins 
are a l s o important. Under most circumstances i n t e r f e r e n c e 
from t h i s material i s negligible. Only when monitoring uptake 
at low peptide concentrations, or of peptides which give 
a poor fluorescence y i e l d (e.g. a c i d i c peptides), does 
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FiSUrg 2,8: E f f e c t of Sar-Glv-Glv 
Concentration on the Reaction of 
FlUPreSCSfflj-ne w l t f t TriaJLanine 
The fluorescamine r e a c t i o n was 
performed under standard con-
d i t i o n s (section 2.3*2.2) w i t h 
50nm of t r i a l a n i n e . Each value 
i s the average of three separate 
determinations. Bars represent 
the range of values obtained. 
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i t become important. However, t h i s background fluorescence 
i s reproducible and, when necessary, can be accounted f or 
i n c a l c u l a t i n g the r a t e of peptide uptake. 
2.4.3.8 Conclusions 
The fluorescamine method provides an extremely r a p i d 
and s e n s i t i v e method for studying peptide transport. 
Although i t c l e a r l y provides l e s s information on the 
mechanism of uptake (e.g. the metabolic f a t e of the peptide) 
than the dansyl c h l o r i d e procedure* . i t i s very 
much more rapi d and extremely u s e f u l as a general scanning 
procedure. I t i s envisaged t h a t the assay w i l l , to a large 
extent, be used i n conjunction with the dansyl c h l o r i d e 
method. 
The fluorescamine assay i s a l s o applicable t o other 
organisms. I t has been s u c c e s s f u l l y adapted to monitor 
peptide transport i n both b a c t e r i a (Payne & B e l l , 
unpublished r e s u l t s ) and yeast (Nisbet & Payne, 1979a), and 
has r e c e n t l y been automated. 
2.5 Expression of Results 
Throughout t h i s study, peptide uptake i s expressed i n 
terms of embryo f r e s h weight. Two po s s i b l e sources of 
confusion a r i s e . F i r s t l y , when studying uptake by embryos 
of d i f f e r e n t ages, embryo weights w i l l vary while the s i z e 
of the absorptive surface (the scutellum) may remain more 
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or l e s s constant. Thus, r e s u l t s are not s t r i c t l y comparable. 
Secondly, when expressing concentrations of peptide or amino 
acid w i t h i n the embryo, 1 g fres h weight i s assumed to be 
equivalent to 1 ml i n t r a c e l l u l a r f l u i d . While adequate 
for present purposes, t h i s i s c l e a r l y only an approximation. 
The a c t u a l concentrations of peptide w i t h i n the embryo w i l l 
be rather greater than the values presented, as the 24 h 
embryo i s only about 80% water (table 5.1, s e c t i o n 5.3.1). 
In addition, i t i s assumed that the peptide i s evenly 
d i s t r i b u t e d throughout the embryo; again t h i s may not be 
the case. Thus, the values presented represent the minimum 
possible concentrations of peptide i n the i n t r a c e l l u l a r f l u i d . 
The a c t u a l concentrations may be considerably higher. 
I n c e r t a i n experiments peptide uptake was not detected. 
However, i t must be remembered that t h i s r e a l l y represents 
the l i m i t a t i o n s of the detection methods employed. For 
example, peptide uptake could be as rapid as 0.2 jjn/g f r e s h 
wt./h from a 1 mM sol u t i o n (about 8% of the r a t e of uptake 
of most peptides), yet be indetectable using dansyl c h l o r i d e 
to monitor peptide disappearance from the medium. Exam-
ination of embryo e x t r a c t s for i n t a c t peptide (or an 
increase i n the peptide's constituent amino acids) i s rather 
more s e n s i t i v e . Except f or alanine, where the large 
endogenous pool makes small increases hard to detect, r a t e s 
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of uptake as low as 0.025 jjn/g/h may be measured, 
providing of course that i n t r a c e l l u l a r amino a c i d 
metabolism i s minimal (see s e c t i o n 3.1.3.1). However, the 
s e n s i t i v i t y of both these methods w i l l depend upon many 
fa c t o r s , including the incubation period, peptide concentration, 
and the r e a c t i v i t y of the peptide being studied with the 
fluorescent l a b e l s . Thus, the above l i m i t s are only 
approximate; s e n s i t i v i t y can be much better or much worse 
under d i f f e r e n t circumstances. Zero r a t e s of uptake are 
therefore expressed as not detectable (ND). 
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CHAPTER 3 
PEPTIDE TRANSPORT BY THE BARLEY SCUTELLUM 
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3.1 C h a r a c t e r i z a t i o n of Peptide Transport 
3.1.1 Introduction 
Preliminary experiments showed that, a f t e r incubation 
of b a r l e y embryos with any one of a v a r i e t y of p h y s i o l o g i c a l 
peptides (containing only the L-isomer of 'protein 1 amino 
a c i d s ) , a considerable increase i n the peptide's c o n s t i t u e n t 
amino acids was detectable i n embryo e x t r a c t s . However, the 
high l e v e l of peptidase a c t i v i t y associated with the embryo 
precluded the demonstration of i n t a c t uptake of any of these 
peptides. Thus, peptides containing the non-physiological 
amino a c i d sarcosine (see s e c t i o n 1.1.1) were employed. 
Barley embryos were found to take up these peptides i n t a c t , 
with a minimum of h y d r o l y s i s . Peptide transport was therefore 
c h a r a c t e r i z e d using these peptides. Subsequently, the 
uptake of p h y s i o l o g i c a l peptides was a l s o demonstrated. 
Although the i n t a c t uptake of p h y s i o l o g i c a l peptides could not be 
demonstrated d i r e c t l y , transport was shown to be mediated by 
the same system(s) as the sarcosine-containing peptides. 
3.1.2 Methods 
Peptide uptake was assayed using the dansyl c h l o r i d e 
procedure unless otherwise i n d i c a t e d . Uptake of s a r c o s i n e -
containing peptides was monitored by examination of embryo 
e x t r a c t s , while the uptake of amino acids and p h y s i o l o g i c a l 
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peptides, both on t h e i r own ana i n the presence of p o t e n t i a l 
competitive i n h i b i t o r s , was followed by the disappearance of 
peptide from the incubation medium. 
Unless stated otherwise, standard incubation conditions 
were employed throughout (s e c t i o n 2.3.1). 
3.1.2.1 Separation of Embryo Tissues 
I n c e r t a i n experiments embryos were separated i n t o 
t h e i r three main t i s s u e s , the shoot, loot and scutellum, 
e i t h e r before or a f t e r incubation ( s e c t i o n 3.1.3.3). I n 
order to f a c i l i t a t e separation and to provide approximately 
s i m i l a r amounts of each t i s s u e , embryos from b a r l e y grains 
germinated f o r 48 h ( i n a spray room; s e c t i o n 2.3.1) were 
employed. 
3.1.2.2 Determination of pH Optimum 
A l l b u f f e r s used were at 50 mM unless otherwise s t a t e d . 
pH was shown not to vary by more than 0.15 u n i t s during 
incubation, using a g l a s s electrode pH meter. 
3.1.2.3 Resolution of Amino Acids 
I n e a r l y experiments DNS-proline and DNS-^-amino-
b u t y r i c a c i d were not resolved chromat©graphically; the 
combined pool of these two amino acids i s therefore r e f e r r e d 
to as prolin^/y-aminobutyric a c i d . Only i n subsequent 
experiments was t h i s ' s i n g l e 1 spot resolved and routine 
separation of these dansyl-amino acids achieved ( s e c t i o n 
2.4.2.2). 
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3.1.2.4 Metabolic I n h i b i t o r s 
CCCP, the only i n h i b i t o r employed which was poorly 
soluble i n water, was made up as a stock s o l u t i o n i n 100% 
ethanol. Equivalent amounts of ethanol alone, added to the 
incubation medium, did not a f f e c t uptake. 
Anoxia was achieved by bubbling nitrogen through the 
medium for 20 min p r i o r to adding the embryos and throughout 
fur t h e r incubation. 
A l l i n h i b i t o r s , including sodium acetate, were employed 
i n media buffered with sodium phosphate:citric a c i d . This 
must be distinguished from c e r t a i n experiments (s e c t i o n s 
3.3.2.5; 3.3.2.6) i n which acetate buffer completely 
replaced the sodium phosphate:citric a c i d . 
3.1.2.5 K i n e t i c A n alysis of Peptide Transport 
The e f f e c t of substrate concentration on the r a t e of 
peptide uptake was studied using the fluorescamine method. 
A number of l i m i t a t i o n s became apparent: 
( i ) I n order to obtain i n i t i a l r a t e s of uptake only 
short incubation periods could be employed, during which 
uptake approximated to l i n e a r i t y . This reduced s e n s i t i v i t y . 
( i i ) At high substrate concentrations (>10 mM) such a 
small proportion of the t o t a l peptide present i n the medium 
was absorbed, that i t became impossible to obtain meaningful 
r e s u l t s . 
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( i i i ) At low substrate concentrations, compounds relea s e d 
to the medium by b a r l e y embryos i n t e r f e r e d s i g n i f i c a n t l y 
with the assay. 
Thus, i t was not p o s s i b l e to monitor peptide uptake 
over the whole concentration range required to obtain 
accurate k i n e t i c constants using standard transformations 
of the Michaelis-Menten equation. Instead, uptake was 
measured over a rather r e s t r i c t e d concentration range and 
the k i n e t i c constants determined from the data by s t a t i s t i c a l 
a n a l y s i s . T h is was performed using a computer programme 
devised by Dr. J.T. Gleaves (Botany Dept., Durham U n i v e r s i t y ) , 
based on Colquhoun (1971). 
3.1.3 R e s u l t s 
3.1.3.1 Amino Acid Uptake 
The uptake of an amino a c i d can be monitored i n one 
of two ways? by observing i t s disappearance from the 
incubation medium (assuming e x t r a c e l l u l a r deamination is. 
unimportant) or the increase i n i t s concentration w i t h i n the 
embryo. Both these methods have been employed f o r s e v e r a l 
amino a c i d s , amongst which glycine and i s o l e u c i n e serve as 
t y p i c a l examples (figure 3.1). For glycine (and two other 
amino a c i d s , s e r i n e and glutamic a c i d ) a discrepancy was 
noted between the r a t e s of uptake obtained by each method; 
measuring an increase i n the amino a c i d pool w i t h i n the 
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Figure 3.1: Uptake of Glycine anfl 
Incubations were c a r r i e d out i n 
ImM amino acid, under standard con-
d i t i o n s ( s e c t i o n 2.3*1)- Dansyl 
chloride was used to follow the 
disappearance of glycine (•) and 
i s o l e u c i n e (o) from the medium. I n 
addition, increases i n the pools of 
glycine (•) and i s o l e u c i n e ( a ) i n 
the embryo were monitored, also 
using dansyl c h l o r i d e . Each value 
i s the average of four separate 
determinations. Bars represent the 
range of values obtained. 
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Table ^ . 1 : Accumulation of Amino Acids 
fry GerplnatlriK ^ r l S Y Embryos 
Amino acid accumulation (jim/g f r e s h wt.) 
Amino acid 
concentration i n medium 
c 2mM 20mM 
Hi s t i d i n e 
Valine 
Leucine 
Prol i n e 
Phenylalanine 
1.0 8.2 70 
1.8 9.6 58 
1.0 8.0 6o 
lf.0 10.2 70 
0.6 8.6 58 
Embryos were incubated for 8h i n 0, 2 or 20mM solutions 
of each amino acid, under standard conditions ( s e c t i o n 2-3*1) • 
Dansyl chloride was used to determine the l e v e l i n the embryos 
of the p a r t i c u l a r amino acid with which they were incubated. 
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Figure 3.2: Ef f e c t of Medium Concentration 
on the Uptake of Isoleucine by Barley Embryos 
Standard incubation conditions were 
employed (s e c t i o n 2.3-D- Uptake was 
determined by monitoring increases i n 
the free i s o l e u c i n e pool of the 
embryos a f t e r 6h incubation. Each 
value i s the average of four separate 
determinations. Bars represent the 
range of values obtained. 
embryo leads to an underestimate of the act u a l rate of 
uptake. This i s due to the rapid metabolism of a 
proportion of the absorbed amino a c i d . However, for i s o -
leucine (and the amino acids l i s t e d i n table 3.1) the two 
methods give comparable r e s u l t s , implying the lack of any 
s i g n i f i c a n t metabolic degradation by barley embryos. Thus, 
the uptake of peptides containing these amino acids could 
be estimated by measuring the increase i n the amino aci d 
pool of the embryo. Indeed, t h i s method gives comparable 
r e s u l t s with the rates of uptake estimated by other means 
(section 3.1.3.4) and, under c e r t a i n circumstances, can be 
the most s u i t a b l e procedure. 
The l i n e a r i t y of uptake over an 8 h period, together 
with the absence of any i n t r a c e l l u l a r metabolism, shows that 
the accumulation of iso l e u c i n e within the embryo over s i m i l a r 
periods i s a v a l i d estimate of the rate of uptake, h 
s i m i l a r assumption holds for several other amino a c i d s . Thus, 
many amino acids are absorbed by barley embryos at s i m i l a r 
rates (table 3.1). Uptake i s against the concentration 
gradient and does not seem to be limited by the degree to 
which an amino aci d can accumulate; an increased e x t e r n a l 
concentration of amino aci d r e s u l t s i n an equivalent increase 
in the amount accumulated by the embryo. This i n d i c a t e s 
that, w i t h i n the concentration range studied, amino a c i d 
uptake i s not saturated. C e r t a i n l y , i s o l e u c i n e uptake does 
not saturate w i t h i n t h i s range (figure 3.2). 
D-amino acids do not seem to be taken up by barley 
embryos. No uptake of D-alanine, D-leucine or D-valine 
could be detected on monitoring the incubation medium. 
Furthermore, examination of embryo e x t r a c t s a f t e r incubation 
a l s o f a i l e d to show any uptake • However, under s i m i l a r 
conditions the corresponding L-amino acids are taken up 
r u i t e r a p i d l y . 
3.1 J .2 Uptake of Sarcosine-Containing Peptides 
The three sarcosine-containing peptides, Gly-Sar, 
Gly-Sar-Sar and Gly-Sar-Sar-Sar, are a l l taken up i n t a c t by 
barley embryos (figure 3.3). During a 6 h incubation period 
very l i t t l e h y d r o l y s i s occurs. Free sarcosine appearing i n 
the embryo always represents l e s s than 10% cleavage of the 
absorbed peptide. Both Gly-Sar and Gly-Sar-Sar are accumulated 
i n the embryo to a higher concentration than they are supplied 
i n the e x t e r n a l medium; Gly-Sar-Sar-Sar i s not. 
I t seems that i n t r a c e l l u l a r metabolism of free sarcosine 
i s unimportant. Thus, i f long incubation periods are 
employed, such that the disappearance of Gly-Sar from the 
incubation medium i s detectable, the loss i s e x a c t l y equivalent 
to the sum of Gly-Sar plus sarcosine present i n the embryo. 
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Incubations were c a r r i e d out in 2 or lOmM peptide 
solutions under standard conditions (section 
2.3-1). Values were obtained by embryo ex-
tr a c t i o n a f t e r a 6h incubation period. Dotted 
l i n e s represent the concentration of peptide in 
the medium. Each value i s an average of at 
l e a s t four separate determinations. Bars 
represent the range of values obtained. 
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Figure 3.4a & b: C h a r a c t e r i s t i c s of 
I n t a c t Gly-Sar Uptake 
20 
(a) E f f e c t of varying incubation period upon the 
uptake of Gly-Sar ( • ) and Gly-Sar-Sar ( A ) 
from a 2 mM so l u t i o n . 
(b) E f f e c t of medium concentration on the uptake 
of Gly-Sar during a 6h incubation period. 
A l l incubations were c a r r i e d out i n 50mM sodium 
phosphate:citric a c i d buffer, pH 4.2. Each value, 
obtained by embryo extraction, i s the average of 
at l e a s t three separate determinations. Bars 
represent the range of values obtained. 
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S i m i l a r l y , although removal of the external supply of 
peptide allows a c e r t a i n proportion of the accumulated 
sarcosine and Gly-Sar to leak from the embryo, the t o t a l 
amount of each compound ( i n the embryo plus the medium) 
remains constant throughout further incubation (section 
4.3.4). I t therefore seems c l e a r that the amount of i n t a c t 
peptide plus free sarcosine detected i n the embryo w i l l be 
an accurate r e f l e c t i o n of the t o t a l amount of Gly-Sar 
absorbed. 
Accumulation of Gly-Sar and Gly-Sar-Sar increases 
l i n e a r l y with time for a t l e a s t 6 h (figure 3.4a); 
preliminary studies indicated that uptake may show a 
steady increase for as long as 48 h. Gly-Sar uptake a l s o 
e x h i b i t s s a t u r a t i o n k i n e t i c s (figure 3.4b). 
3.1.3.3 S i t e of Peptide Absorption 
Table 3.2 shows the accumulation of Gly-Sar by each 
of the separated t i s s u e s of 48 h barley embryos. I t i s 
c l e a r that the scuteHum absorbs Gly-Sar to a f a r greater 
extent than the roots and shoots, despite the scutellum 
having a lower surface area:volume r a t i o than the other two 
t i s s u e s (estimated v i s u a l l y ) . From these data, and the 
r e l a t i v e weights of each t i s s u e , i t can be c a l c u l a t e d that 
i f the Gly-Sar absorbed by each organ separately were evenly 
d i s t r i b u t e d throughout the embryo, the concentration would 
Table ^.2: Uptake of G l y c y l s a r c o s i n e by 
Various Tissues of the B a r l e y l^iibryo 
Separated t i s s u e s ^ 9 ) I n t a c t e m b r y o s ^ 
Shoots 0.71 6.2 
Roots 0.26 h.5 
Scutellum 10.30 9.7 
Whole embryo >+.50(c) 7.3 
I n c u b a t i o n s were f o r 6h under standard c o n d i t i o n s 
( s e c t i o n 2*3*1) 1 i n 2mM Gly-Sar. Tissues from *+8h embryos 
were employed. Values are expressed as um/g f r e s h wt. of 
t i s s u e ; each i s the average of two separate d e t e r m i n a t i o n s . 
(a) Uptake by each of the separated t i s s u e s . 
(b) Gly-Sar present i n each t i s s u e a f t e r 
i n c u b a t i o n of i n t a c t embryos. 
( c ) Peptide present i n the whole embryo was 
c a l c u l a t e d from the amount of peptide 
absorbed by each of the separated tissuer., 
t a k i n g the weight of each t i s r u e i n t o 
c o n s i d e r a t i o n . 
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roach 4-5 pm/g f r e s h wt. However, the actual concentration 
of Gly-Sar achieved by i n t a c t embryos over the same period 
was 7.3 \xm/g f r e s h weight. Thus, i t seems that e x c i s i o n 
reduces net peptide uptake by the s c u t e l l a r epithelium. 
This may not be a reduction i n the rate of uptake, but a 
r e s u l t of the increased leakage of absorbed peptide through 
the cut surface. About 30% more amino acids leak from the 
separated t i s s u e s than the i n t a c t embryo ( r e s u l t s not 
presented). 
Although separated roots and shoots only take up 
Gly-Sar rather poorly, high concentrations may be found i n 
these t i s s u e s a f t e r incubating i n t a c t embryos with the 
peptide (table 3.2); once absorbed by the scutellum, 
peptide seems to become more or l e s s evenly d i s t r i b u t e d 
throughout the embryo. This was a l s o i l l u s t r a t e d by 
incubating excised embryos on damp f i l t e r paper, such that 
only the s c u t e l l a r surface came into contact with the 
medium containing Gly-Sar. After incubation, embryos were 
dissected into t h e i r three main t i s s u e s and each extracted 
separately. Gly-Sar was shown to accumulate to about the 
same extent i n each organ, including the root and shoot which 
had never come into contact with the peptide s o l u t i o n . 
3.1.3.4 Uptake of P h y s i o l o g i c a l Peptides 
The uptake of alanine and a number of a l a n y l peptides 
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from a 1 mM sol u t i o n , obtained by monitoring t h e i r 
disappearance from the incubation medium, i s i l l u s t r a t e d 
i n f i g u r e 3.5a. Figure 3.5b shows s i m i l a r r e s u l t s for a 
s e r i e s of glycine peptides. I n addition, many other 
s t r u c t u r a l l y diverse peptides, containing for example l y s i n e , 
p r o l i n e , and glutamic a c i d residues, show comparable r a t e s 
of uptake (sections 3.2.2; 3.2.3). The apparent ' t a i l i n g 
o f f 1 i n the r a t e of uptake a f t e r s e v e r a l hours incubation 
i s caused by substrate l i m i t a t i o n . I f incubations are 
performed under conditions i n which substrate does not 
become l i m i t i n g , uptake remains l i n e a r for a t l e a s t 8 h. 
Thus, i t i s c l e a r that b a r l e y embryos are able to 
remove not only amino ac i d s , but a l s o both dipeptides and 
small oligopeptides from the incubation medium. Table 3.3 
shows the r a t e s of uptake of alanine and glycine from 
equimolar so l u t i o n s of t h e i r homopeptides. C l e a r l y , amino 
acids can be taken up more r a p i d l y when presented as a 
peptide than as the f r e e amino a c i d . This i s a l s o i l l u s t r a t e d 
for a mixed dipeptide, g l y c y l i s o l e u c i n e (figure 3.6), 
i s o l e u c i n e being absorbed more r a p i d l y from the peptide than 
as the free amino a c i d . 
Examination of embryo e x t r a c t s , a f t e r 8 h incubation 
i n a 1 mM so l u t i o n of a p h y s i o l o g i c a l peptide, always 
- 121 -
6 8 2 
Incubation Period (h) 
8 
F i g u r e s <ft frs UptaKe of A l a n y l 
and Q I Y C Y I P e p t i d e s 
Uptake of a l a n y l ( a ) or g l y c y l (b) 
peptides from ImM s o l u t i o n s was 
monitored by f o l l o w i n g t h e i r d i s -
appearance from the i n c u b a t i o n 
medium, u s i n g d a n s y l c h l o r i d e . 
Standard i n c u b a t i o n procedures were 
employed ( s e c t i o n 2-3*1)• (a ) a l a n i n e 
( A ) , d i a l a n i n e ( • ) , t r i a l a n i n e ( • ) , 
t e t r a a l a n i n e ( • ) , p e n t a a l a n i n e ( A ) . 
(b) g l y c i n e U ) , d i g l y c i n e ( • ) , t r i -
g l y c i n e (•)> t e t r a - , penta- and hexa-
g l y c i n e Each v a l u e i s an average 
of a t l e a s t two s e p a r a t e d e t e r m i n a t i o n s . 
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TaEle ^ t V — R a t e s of Uptake of Alanine and G l y c i n e 
Residues from Enuimolar S o l u t i o n s of the f r e e 
Amino Acids and t h e i r Homopentides 
Rate of amino a c i d UDtake 
(ym/s f r e s h wt./h) 
Ala n i n e Glycine, 
A l a n i n e 1.3 — 
D i a l a n i n e 5.8 -
T r i a l a n i n e 8.7 -
T e t r a a l a n i n e 6.0 -
P e n t a a l a n i n e -
G l y c i n e -
D i g l y c i n e - 2.8 
T r i g l y c i n e - 5.7 
T e t r a g l y c i n e - 0 
P e n t a g l y c i n e - 0 
I n c u b a t i o n s were i n ImM s o l u t i o n s of each amino a c i d 
or peptide, under st a n d a r d c o n d i t i o n s ( s e c t i o n 2=3.1). 
Uptake was monitored by f o l l o w i n g the disappearance of 
amino a c i d / p e p t i d e from the medium throughout 5h i n c u b a t i o n , 
during which p e r i o d r a t e s of uptake remained c o n s t a n t . 
123 
24r 
20 
516 
10 QJ 
12 
8 
8 
Incubation Period (h) 
Eigms L i 
Uptake of g l y c y l i s o l e u c i n e (•) 
and i s o l e u c i n e (•) from ImM 
s o l u t i o n s was monitored by 
f o l l o w i n g t h e i r disappearance 
from the i n c u b a t i o n medium, 
us i n g d a n s y l c h l o r i d e . Standard 
i n c u b a t i o n c o n d i t i o n s were 
employed ( s e c t i o n 2*3*1)• Each 
v a l u e i s an average of four 
s e p a r a t e d e t e r m i n a t i o n s . Bars 
r e p r e s e n t the range of v a l u e s o b t a i n e d . 
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f a i l e d t o show any i n t a c t peptide uptake. However, i f as 
l i t t l e as 0.5% of the t o t a l peptide l o s t from the medium 
had remained i n t a c t w i t h i n the embryo i t would have been 
d e t e c t e d . 
3.1.3.5 Amino A c i d Exodus 
During i n c u b a t i o n of b a r l e y embryos, f r e e amino a c i d s 
appear i n the medium (see s e c t i o n 3.3.2.2). While most 
of t h e s e amino a c i d s appear as a r e s u l t of exodus from the 
embryo, and occur whether or not any peptide i s p r e s e n t , 
o t h e r s a r e c l e a r l y d e r i v e d from the peptide added t o the 
radium ( t a b l e 3 . 4 ) . I n the l a t t e r c a s e , t h ese amino a c i d s 
might a r i s e as a consequence of peptide uptake, fo l l o w e d 
by h y d r o l y s i s and exodus of the r e s u l t a n t amino a c i d s . 
A l t e r n a t i v e l y , the amino a c i d s may be produced as a d i r e c t 
r e s u l t of e x t r a c e l l u l a r h y d r o l y s i s , r a i s i n g the p o s s i b i l i t y 
t h a t peptide uptake might a c t u a l l y occur by the s e q u e n t i a l 
process of h y d r o l y s i s and amino a c i d uptake. However, the 
r e l a t i v e r a t e s of peptide and amino a c i d uptake argue 
a g a i n s t t h i s ; g l y c y l i s o l e u c i n e p r o v i d e s a t y p i c a l example 
( f i g u r e 3.6 and t a b l e 3 . 4 ) . The r a t e of i s o l e u c i n e uptake 
from a 1 mM s o l u t i o n of g l y c y l i s o l e u c i n e i s about 3.0 \xm/g 
f r e s h wt./h, y e t i t i s o n l y 0.6 ura/g f r e s h wt/h from a 1 mM 
s o l u t i o n of f r e e i s o l e u c i n e . As the maximum l e v e l of f r e e 
i s o l e u c i n e i n the medium never exceeds 0.15 mM during 
i n c u b a t i o n , any e x p l a n a t i o n f o r the disappearance of p e p t i d e 
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from the medium based on e x t r a c e l l u l a r h y d r o l y s i s appears 
untenable. 
I n E . c o l i , amino a c i d s d e r i v e d from the uptake of 
i n d i v i d u a l p e p t i d e s g e n e r a l l y undergo exodus (Payne & B e l l , 
1977b, 1979). However, i n the e u k a r y o t i c y e a s t , S. c e r e v i s i a e 
( N i s b e t & Payne, 1979a), and i n b a r l e y embryos, onl y a s m a l l 
p r o p o r t i o n l e a v e the c e l l . T h i s can almost c e r t a i n l y be 
a t t r i b u t e d t o the h i g h c a p a c i t y of the e u k a r y o t i c v a c u o l e 
t o s t o r e amino a c i d s , r e g u l a t i n g t h e i r c o n c e n t r a t i o n i n the 
cytoplasm, as opposed t o the p r o k a r y o t i c means of a c h i e v i n g 
such r e g u l a t i o n by a l l o w i n g e x c e s s amino a c i d s t o l e a v e 
the c e l l . 
3.1.3.6 K i n e t i c A n a l y s i s of Peptide uptake 
Two p e p t i d e s , d i g l y c i n e and t r i a l a n i n e , w i t h w i d e l y 
d i f f e r e n t c o m p e t i t i v e a b i l i t i e s ( s e c t i o n 3.1.3.7), and 
t h e r e f o r e presumably d i f f e r e n t a f f i n i t i e s f o r a b i n d i n g 
s i t e (K. ) , were s e l e c t e d f o r a d e t a i l e d k i n e t i c a n a l y s i s 
of t r a n s p o r t ( f o r methods see s e c t i o n 3.1.2.5). The i n i t i a l 
r a t e s of peptide uptake were monitored over the c o n c e n t r a t i o n 
range 0.2 - 10 mM; a t o t a l of 98 s e p a r a t e r e a d i n g s f o r 
d i g l y c i n e and 76 f o r t r i a l a n i n e were obtained ( f i g u r e s 
3.7 & 3 . 8 ) . 
The f o l l o w i n g t h r e e models were f i t t e d t o the d a t a , 
u s i n g l e a s t - s q u a r e s a n a l y s i s t o o b t a i n the b e s t f i t : 
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( i ) l i n e a r uptake 
( i i ) Michaelis-Menten k i n e t i c s 
( i i i ) Michaelis-Menten k i n e t i c s p l u s a l i n e a r 
d i f f u s i o n component 
For both d i g l y c i n e and t r i a l a n i n e , a n a l y s i s of v a r i a n c e 
shows t h a t the Michaelis-Menten model f i t s the data v e r y 
much b e t t e r than do simple l i n e a r k i n e t i c s ; the p r o b a b i l i t y 
of o b t a i n i n g such a high v a r i a n c e r a t i o between the two 
models i f l i n e a r uptake were the u n d e r l y i n g p r o c e s s i s 
n e g l i g i b l e ( P « 0.001). A d d i t i o n of a l i n e a r d i f f u s i o n 
component t o the Michaelis-Menten model does not 
s i g n i f i c a n t l y improve the f i t w i t h the a v a i l a b l e d a t a . 
For d i g l y c i n e , the Michaelis-Menten model w i l l 
s a t i s f a c t o r i l y account f o r a l l the v a r i a b i l i t y i n the data 
( P » 0 . 0 5 ) . However, f o r t r i a l a n i n e , the p r o b a b i l i t y of 
o b t a i n i n g the observed r e s u l t s , i f the onl y p r o c e s s 
o p e r a t i n g obeys simple Michaelis-Menten k i n e t i c s , i s r a t h e r 
s m a l l (0.025 >P > 0.01). Thus, w h i l e the Michaelis-Menten 
model f i t s the b u l k of the data, t h e r e remains the 
p o s s i b i l i t y ( a t l e a s t f o r t r i a l a n i n e ) t h a t an a d d i t i o n a l 
p r ocess i s a l s o a f f e c t i n g uptake t o some e x t e n t . I t seems 
u n l i k e l y t h a t t h i s i s si m p l y a superimposed l i n e a r 
d i f f u s i o n component, although i t i s p o s s i b l e t h a t an 
a d d i t i o n a l mediated p r o c e s s might be o p e r a t i n g . However, 
i t seems e q u a l l y l i k e l y t h a t the e x t r a v a r i a b i l i t y may 
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F i g u r e ^.7: E f f e c t of S u b s t r a t e 
C o n c e n t r a t i o n on T r i a l a n i n e Uptake 
Uptake of t r i a l a n i n e was 
monitored u s i n g f l u o r e s c a m i n e . 
I n c u b a t i o n s were c a r r i e d out 
under standard c o n d i t i o n s . 
The curve i s the b e s t - f i t t i n g 
Michaelis-Menten hyperbola, 
f i t t e d by l e a s t - s q u a r e s 
a n a l y s i s ( s e c t i o n 3«1»2.5)« 
Each point (x) i s the r e s u l t 
of a s e p a r a t e d e t e r m i n a t i o n . 
Where a number of s e p a r a t e 
d e t e r m i n a t i o n s gave i d e n t i c a l 
r a t e s of uptake, t h i s number 
i s p resented. 
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F i g u r e ^.8: E f f e c t o f S u b s t r a t e 
C o n c e n t r a t i o n on D i g l y c i n e Uptake 
Uptake of d i g l y c i n e was monitored 
u s i n g f l u o r e s c a m i n e . I n c u b a t i o n s 
were c a r r i e d out under standard 
c o n d i t i o n s . The curve i s the 
b e s t - f i t t i n g Michaelis-Menten 
hyperbola, f i t t e d by l e a s t - s q u a r e s 
a n a l y s i s ( s e c t i o n 3-1-2.5). Each 
point ( x ) i s the r e s u l t of a 
se p a r a t e d e t e r m i n a t i o n . Where a 
number of se p a r a t e d e t e r m i n a t i o n s 
gave i d e n t i c a l r a t e s of uptake, 
t h i s number i s pre s e n t e d . B i n d i -
c a t e s 11 i d e n t i c a l d e t e r m i n a t i o n s . 
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a r i s e as a r e s u l t of such c i r c u m s t a n c e s as ' u n s t i r r e d 
l a y e r s 1 a t the s c u t e l l a r s u r f a c e or the non-uniform n a t u r e 
of b a r l e y embryo c e l l s . E ven i f a second t r a n s p o r t system 
i s present, a t the peptide c o n c e n t r a t i o n s employed h e r e , i t 
appears r e l a t i v e l y unimportant. 
K i n e t i c parameters obtained from the b e s t f i t t i n g 
Michaelis-Menten c u r v e s a r e as f o l l o w s : 
Vmax Kj. 
(\xm/g f r e s h wt/h) 
D i g l y c i n e 20.5 10.3 
T r i a l a n i n e 7.8 1.9 
3.1.3.7 Competitive I n h i b i t i o n of Peptide Uptake 
I f two s u b s t r a t e s a r e handled by the same t r a n s p o r t 
system,then, a t a p p r o p r i a t e c o n c e n t r a t i o n s ( i . e . s a t u r a t i o n ) , 
t h e r e w i l l be c o m p e t i t i o n and consequent mutual i n h i b i t i o n 
of uptake. F i g u r e 3.9a shows the e f f e c t s of v a r i o u s 
d i p e p t i d e s on the uptake of g l y c y l i s o l e u c i n e . C l e a r l y , 
t r a n s p o r t i s i n h i b i t e d . I n h i b i t i o n v a r i e s from almost 100% 
by d i a l a n i n e t o 5% by d i g l y c i n e , w h i l e mixed d i p e p t i d e s 
i n h i b i t by an i n t e r m e d i a t e amount. The r e s u l t s of s i m i l a r 
experiments w i t h a v a r i e t y of amino a c i d s and o l i g o p e p t i d e s a s 
competitors a r e shown i n f i g u r e 3.9b. Both t r i - and t e t r a -
a l a n i n e i n h i b i t uptake o f the d i p e p t i d e g l y c y l i s o l e u c i n e . 
None of the amino a c i d s t e s t e d showed any i n h i b i t o r y e f f e c t s . 
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F i g u r e s 3.9a & b: Competitive I n h i b i t i o n 
of G l v c v l i s o l e u c i n e Uptake 
Uptake of G l y - I l e from a ImM s o l u t i o n , i n the presence 
of competing d i p e p t i d e s ( a ) or amino a c i d s and o l i g o -
e p t i d e s ( b ) , was monitored u s i n g d a n s y l c h l o r i d e , 
tandard i n c u b a t i o n c o n d i t i o n s were employed ( s e c t i o n 
2-3.1)• A l l competitors were at 9mM. Each v a l u e i s 
an average of at l e a s t two s e p a r a t e d e t e r m i n a t i o n s . 
( a ) G l y - I l e alone (•) and i n the presence of 
G ly-Gly ( A ) , Ala-Ala ( • ) , Gly-Ala (•) or 
Ala-Gly ( • ) . 
(b) G l y - I l e alone (•) and i n the presence of 
A l a - A l a - A l a ( o ) , Ala ( • ) , Gly ( • ) , • 
G l y - G l y - G l y (A) or A l a - A l a - A l a - A l a ( • ) . 
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The uptake of both d i - and t r i a l a n i n e i s a l s o 
i n h i b i t e d by a range of d i - and t r i p e p t i d e s ( f i g . 3.10a & b ) . 
Again, amino a c i d s do not a c t as c o m p e t i t o r s , w h i l e 
d i p e p t i d e s i n h i b i t t r i p e p t i d e uptake and v i c e v e r s a . 
F i g u r e 3.11 i l l u s t r a t e s one such competition experiment, 
i n which the disappearance of G l y - I l e from the i n c u b a t i o n 
medium i s monitored. The o r n i t h i n e s t a n d a r d remains 
c o n s t a n t on each p l a t e , i n d i c a t i n g an equal e f f i c i e n c y o f 
d a n s y l a t i o n . I n the absence of any competitor, the l e v e l 
of G l y - I l e d e c r e a s e s r a p i d l y d u r i n g 8 h i n c u b a t i o n (3.11 
a - d ) . However, i n the presence of 9 mM t r i a l a n i n e , the r a t e 
of G l y - I l e uptake i s c o n s i d e r a b l y reduced (3.11 e - h ) . The 
p l a t e s a l s o show the s m a l l amount of f r e e i s o l e u c i n e 
appearing i n the medium, i n c o n t r a s t w i t h the l a r g e amount of 
peptide u t i l i z e d . I n a d d i t i o n , some exodus of the endogenous 
embryo amino a c i d s i s seen. 
S i m i l a r c o m p e t i t i o n experiments between a v a r i e t y of 
peptides, c o n t a i n i n g many d i f f e r e n t amino a c i d r e s i d u e s , a r e 
reported elsewhere ( s e c t i o n 3 . 2 ) . S i g n i f i c a n t l y , p e p t i d e s 
which a r e t r a n s p o r t e d s l o w l y , i f a t a l l (e.g. p e p t i d e s 
c o n t a i n i n g D-amino a c i d r e s i d u e s ? s e c t i o n 3.2.5), show no 
i n h i b i t o r y e f f e c t s . 
I n a l l t h e s e experiments the h i g h c o n c e n t r a t i o n s of 
competitor employed ensure t h a t i t remains i n c o n s i d e r a b l e 
4 6 8 2 
Incubation Period(h) 
F i g u r e s ^.10a & b; Competitive I n h i b i t i o n of 
D i a l a n i n e and I r i a l a n i n e u p t a k e 
Uptake of t r i a l a n i n e ( a ) and d i a l a n i n e (b) from a ImM 
s o l u t i o n , i n the presence of competing amino a c i d s 
and peptides, was monitored u s i n g d a n s y l c h l o r i d e . 
Standard i n c u b a t i o n c o n d i t i o n s were employed ( s e c t i o n 
2.3^1)• A l l competitors were at 9mM. Each v a l u e i s 
an average of a t l e a s t two s e p a r a t e d e t e r m i n a t i o n s . 
( a ) T r i a l a n i n e alone (•) and i n the presence of 
Ala ( • ) , Gly-Gly ( • ) , G l y - Gly-Gly ( • ) , 
A l a - G l y ( A ) , Ala-Ala ( • ) , G l y - I l e ( • ) , 
V a l - V a l (•) or Phe-Glu ( • ) . 
(b) D i a l a n i n e alone (•) and i n the presence 
of Gly-Gly ( • ) , G l y - G l y - G l y ( A ) , Ala-Ala 
( o ) , G l y - I l e (o) or Phe-Glu ( o ) . 
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e x c e s s throughout i n c u b a t i o n . 
3.1.3.8 Competition A g a i n s t S a r c o s i n e - C o n t a i n i n g P e p t i d e s 
G l y - S a r uptake s a t u r a t e s a t about 10 mM ( s e c t i o n 
3.1.3.2). T a b l e 3.5 shows the e f f e c t s of a v a r i e t y of 
p o t e n t i a l c o m p e t i t i v e i n h i b i t o r s on the accumulation of 
G l y - S a r and G l y - S a r - S a r from 10 mM s o l u t i o n s . I t i s c l e a r 
t h a t t h e r e i s i n h i b i t i o n by a l l the p e p t i d e s t e s t e d , y e t 
f r e e amino a c i d s show no d e t e c t a b l e i n h i b i t o r y e f f e c t . 
The above r e s u l t s , t o g e t h e r w i t h those i n the p r e c e d i n g 
s e c t i o n ( s e c t i o n 3.1.3.7), i n d i c a t e t h a t d i - and t r i p e p t i d e s 
compete f o r a common t r a n s p o r t system (although other 
i n t e r p r e t a t i o n s a r e p o s s i b l e ; see s e c t i o n 3.1.4.4). However, 
the p o s s i b i l i t y t h a t an a d d i t i o n a l s y s t e m ( s ) e x i s t s , s p e c i f i c 
for, say, d i p e p t i d e s , cannot be excluded. I f such a system 
were t o be p r e s e n t , then i t should not be p o s s i b l e t o a c h i e v e 
complete i n h i b i t i o n of d i p e p t i d e t r a n s p o r t by a t r i p e p t i d e . 
However, i f a s e p a r a t e system does not e x i s t then, a t a 
high enough c o n c e n t r a t i o n of competitor, complete i n h i b i t i o n 
should be observed. Thus, the uptake of G l y - S a r was measured 
i n the presence of a range of c o n c e n t r a t i o n s of d i - and 
t r i a l a n i n e . P l o t s of 
1 v s * rr. • • 
I 1 - ^ 
Vo 
(where I i s the i n h i b i t o r c o n c e n t r a t i o n and v . and V a r e 
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Table 3.5; Uptake of Sarcosine-containing Peptides 
In the presence of various Amino Acids and Peptides 
I n h i b i t o r 
I n h i b i t i o n of uotake (#) 
Qly-Sar GlY-Par-§ar 
Glycine 0 0 
Alanine 0 0 
Diglycine 53 55 
Dialanine 80 6o 
Glycylisoleucine 72 65 
D i v a l i n e 72 60 
Phenylalanylglutamate 72 60 
T r i g l y c i n e V6 55 
T r i a l a n i n e 82 73 
Tetraalanihe 67 -
Pentaalanine 30 -
Data are presented as percentage i n h i b i t i o n of 
Gly-Sar or Gly-Sar-Sar uptake. 100$ uptake of these 
two peptides was 12.8um/g f r e s h wt. and 7.8)im/g f r e s h 
wt., r e s p e c t i v e l y . Incubations were f o r 6h under standard 
conditions ( s e c t i o n 2.3*1) w i t h the sarcosine-containing 
peptides at lOmM and a l l competitors at 8mM (except penta-
alanine at 0.8mM). A l l f i g u r e s are the average of four or 
six separate determinations, obtained by embryo e x t r a c t i o n . 
= not determined. 
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the rate of uptake i n the presence and absence of an 
i n h i b i t o r , respectively? I n u i & Christensen, 1966) 
intersect the ordinate of a value of approximately 1.0 
(figure 3.12). This indicates that at i n f i n i t e concentrations 
of either d i - or t r i a l a n i n e , the uptake of Gly-Sar w i l l 
be very considerably, i f not t o t a l l y , i n h i b i t e d . I f an 
additional, specific transport system i s present, i t i s 
cl e a r l y of l i t t l e importance at the peptide concentrations 
employed. Figure 3.13 i s a similar p l o t f o r the i n h i b i t i o n 
of Gly-Sar-Sar uptake by d i - and t r i a l a n i n e . Again the 
intersection of the ordinate i s at approximately 1.0. 
3.1.3.9 Effect of pH on Peptide Transport 
Figure 3.14a shows the e f f e c t of pH on the uptake of 
Gly-Sar. uptake shows a pronounced optimum at pH 3.8, at 
which there i s considerable accumulation of peptide against 
a concentration gradient. This optimum i s also i l l u s t r a t e d 
by figures 3.15 a-d where, as the pH increases from 
3.8 ( f i g . 3.15a) to 5.8 ( f i g . 3.15d), the amount of Gly-Sar 
(and sarcosine and substance A) decreases while the 
endogenous pool of amino acids remains at a more or less 
constant l e v e l . The amount of sarcosine on each plate i s 
low, representing less than 10% hydrolysis of the absorbed 
peptide. Substance A i s an unknown, produced from Gly-Sar 
during extraction with TCA. 
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Figure ^.12: I n h i b i t i o n of Glv-Sar Uptake 
Plots of 1 / I against 1 (where I = 
l- To 
i n h i b i t o r concentration and Vi and V 0 the r a t e of uptake i n the presence and absence 
of competitor, r e s p e c t i v e l y ) . Uptake of 
Gly-Sar from a lOmM s o l u t i o n , i n the 
presence of various concentrations of 
dial a n i n e (•) or t r i a l a n i n e ( • ) , was 
obtained by embryo e x t r a c t i o n a f t e r 6h 
incubation. Each value i s the average of 
at l e a s t three separate determinations. 
Bars represent the range of values obtained. 
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Figure I n h i b i t i o n of Glv-Sar-Sar Uptake 
bv P i - and T r l a l a n i n e 
Plots of M. against 1 (where I = i n h i b i t o r 
concentration and and V 0 the r a t e of uptake 
i n the presence and absence of competitor, 
r e s p e c t i v e l y ) . Uptake of Gly-Sar-Sar from a 
10mM s o l u t i o n , i n the presence of various 
concentrations of d i a l a n i n e (•) or t r i a l a n i n e 
( • ) , was obtained by embryo e x t r a c t i o n a f t e r 
6h incubation. Each value i s the average of 
at l e a s t three separate determinations. Bars 
represent the range of values obtained. 
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Figures 1,1^ a A b; Effect of pH 
on Gly-Sar Uptake 
Uptake of Gly-Sar from a 2mM(a) 
or 20mM(b) s o l u t i o n was monitored 
by embryo e x t r a c t i o n . Incubations 
were f o r 6h i n 50mM b u f f e r : (a) 
sodium phosphate:citric acid; 
(b) t r i s ( • ) , sodium phosphate ( • ) . 
Each value i s an average of at 
leas t two separate determinations. 
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Figure 3.16 shows the e f f e c t of pH on the uptake of 
two physiological peptides, G l y - l l e and t r i a l a n i n e . Again 
a clear optimum i s seen at about pH 4.0. 
A number of other buffers were tested t o confirm that 
pH, and not the ionic composition of the b u f f e r , was 
responsible f o r the optimum shown i n figure 3.14a. Thus, 
c i t r i c acid:sodium c i t r a t e (pH 3.6-5.8) and sodium 
phosphate (pH 5.8-8.0) buffers gave results i d e n t i c a l t o 
those obtained with the mixed sodium phosphate:citric acid 
buffer (results not shown). The effects of phosphate and 
t r i s buffers on Gly-Sar uptake, over the range pH 5.8-9.0, 
are shown i n figure 3.14b. Again, the results are similar 
to those obtained with the phosphate:citric acid b u f f e r . 
Neither changes i n the buffer concentrations, nor 
exchanging Na+ f o r K+ had any s i g n i f i c a n t e f f e c t on Gly-Sar 
uptake ( f i g . 3.17). 
3.1.3.10 Effect of Metabolic I n h i b i t o r s on Peptide 
Transport 
The effects of a v a r i e t y of t y p i c a l metabolic 
in h i b i t o r s on Gly-Sar uptake are shown i n table 3.6. 
Although the low levels of Gly-Sar made accurate estimation 
rather d i f f i c u l t , a l l the i n h i b i t o r s tested reduced uptake 
by at least 90%. As embryos were not pre-incubated with 
the i n h i b i t o r s i t i s perhaps not surprising that complete 
1^3 
4 V. 
8 
i E 1 
2 8 0 
Incubation Period(h) 
Figure ^ r l 6 a A t>; Ett Of Pti P" the 
Uptake pf Physiological P e p t i c s 
Uptake of t r i a l a n i n e (a) or g l y c y l i s o l e u c i n e 
( b ) , from ImM s o l u t i o n s , was monitored using 
dansyl c h l o r i d e to f o l l o w t h e i r disappearance 
from the medium. Incubations were i n 50mM 
sodium phosphate: c i t r i c acid b u f f e r at pH 
3.0 U ) , PH lf.0 ( • ) , pH 5.0 ( • ) , pH 6.0 ( A ) , pH 7.0 (o) or pH 8.0 ( • ) . Each value i s the 
average of two separate determinations. 
- M -
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K* Na+ 
10mM 
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Buffer Composition 
Figure ^.17: Effect of Buffer 
Composition on Gly-Sar Uptake 
Uptake of Gly-Sar, from a 20mM 
s o l u t i o n , was monitored by embryo 
e x t r a c t i o n . Incubations were f o r 
6h i n 50mM phosphate b u f f e r at pH 
5.8. Each value i s the average 
of two separate determinations. 
Table 3 . 6 : The Effe c t of Metabolic 
I n h i b i t o r ? pm Gly-Sar Uptake 
Buffer Phosohate;citric acid PhosDhate 
(50mM) ( a ) (50mM) 
PH 2.2 3 . ^ **.6 5.8 5 . 8 ( a ) 6 . 2 ( b ) 
No i n h i b i t o r 
JNP (0.3mM) 
Na Azide (1.5mM) 
KCN (ifmM) 
Anoxia 
0 .3 k.9 k.O 1.8 
l A 0 .5 0 . 1 0 
0 .3 0.2 0.2 0 
0 .6 0 .8 0 .9 
1.8 11.0 
0 0.5 
0 0.8 
0.9 
1.0 
Values are given as ^ Jmole of Gly-Sar per g f r e s h wt., 
obtained by embryo e x t r a c t i o n a f t e r 6h incubation. 
Incubation media contained Gly-Sar at (a) 2mM or (b) 20mM. 
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i n h i b i t i o n was not achieved. At pH 2.2 the i n h i b i t o r s had 
l i t t l e or no e f f e c t on the low levels of accumulation 
> 
observed/ implying that the residual uptake at t h i s low pH 
i s non-active. Metabolic i n h i b i t o r s reduced Gly-Sar-Sar 
uptake i n a similar fashion (results not shown). However, 
no e f f e c t on the low levels of Gly-Sar-Sar-Sar uptake was 
observed. I n the presence of 0.3 mM DNP, or 1.5 mM azide, 
uptake of the following physiological peptides from the 
incubation medium was indetectable: Gly-Gly, Gly-Gly-Gly, 
AIa-£la, Ala-Ala-Ala, G l y - I l e , Phe-Glu, Leu-Leu, Gly-Gly-Leu, 
Leu-Gly-Gly. 
Although the s p e c i f i c i t i e s of these i n h i b i t o r s i n 
plant tissue are not well known, the similar effects 
exerted by each, and the analogy with t h e i r mode of action 
i n microorganisms, makes i t l i k e l y t h a t they generally 
i n h i b i t energy supply, rather than s p e c i f i c a l l y i n t e r f e r e 
with a component of the peptide transport system. 
3.1.4 Discussion 
3.1.4.1 Peptide Transport i s an Active. Mediated Process 
The uptake of Gly-Sar by barley embryos s a t i s f i e s many 
of the generally accepted c r i t e r i a f o r an active transport 
process; saturation k i n e t i c s , a requirement f o r metabolic 
energy and i n t a c t accumulation against a concentration 
gradient. At the pH employed, Gly-Sar w i l l carry no net 
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charge. Thus, the p o s s i b i l i t y that i t enters the c e l l 
passively, down an electrochemical gradient, seems remote. 
Although i t has not been confirmed that Gly-Sar inside the 
embryo i s present i n an osmotically active form, the 
concentrations achieved (10-20 mM) seem too high fbr the 
peptide t o be present i n a 'bound1 form. Besides, the 
exodus of Gly-Sar from the c e l l , observed under certain 
conditions (section 4.3.4), also tends t o indicate that the 
peptide i s present i n free solution. 
The uptake of physiological d i - and tripeptides shows 
similax characteristics. Uptake i s again dependent upon a 
supply of metabolic energy and exhibits t y p i c a l Michaelis-
Menten k i n e t i c s . However, d i r e c t evidence that these 
peptides are a c t i v e l y transported cannot be obtained as 
t h e i r rapid hydrolysis precludes the demonstration of i n t a c t 
accumulation. Nevertheless, evidence that uptake i s 
independent of hydrolysis (section 3.1.4.3) and mediated by 
the same system as Gly-Sar (section 3.1.4.4) implies that 
the transport of physiological peptides i s also an energy-
dependent process. Possible mechanisms f o r coupling metabolic 
energy to peptide transport are discussed below (section 
3.3.3.5). 
The p o s s i b i l i t y that peptide absorption by barley 
embryos i s the r e s u l t of energy-dependent binding t o s i t e s 
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w i t h i n the c e l l w a l l , rather than uptake across the 
plasmalemma, may be discounted. Detached roots and shoots 
are unable t o absorb peptides from the medium, and therefore 
cannot possess such binding s i t e s . However, these tissues 
may accumulate considerable quantities of peptide transferred 
to them from the scutellum (section 3.1.3.2). As the roots 
and shoots lack e x t r a c e l l u l a r binding capacity, t h i s 
accumulated peptide must be w i t h i n the c e l l . S i m i l a r l y , 
peptide may be detected i n roots and shoots of embryos 
incrbated such that only the scutellar surface comes i n t o 
contac*- with the peptide; again, i t seems most probable 
that transport t o these tissues i s i n t r a c e l l u l a r . 
3.1.4.2 Amino Acid Uptake 
A l l the amino acids tested were absorbed by barley 
embryos against a concentration gradient; uptake was stereo-
specific (section 3.1.3.1). Thus, i t seems l i k e l y t hat 
active transport system(s) operate i n the scutellum. 
This i s not surprising considering the large amounts of 
free amino acids produced i n the endosperm during 
germination (section 5.4.2). 
However, a t equivalent substrate concentrations, free 
amino acids are accumulated much more slowly than peptides. 
As the concentrations at which uptake was assayed correspond 
well with the levels of peptide and amino acid i n the 
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barley endosperm (section 5.4.2), i t seems l i k e l y that 
peptides w i l l play at least as important a r o l e as amino 
acids i n the absorption of nitrogen by the scuteHum (see 
also section 6.1) # 
3.1.4.3 D i s t i n c t i o n Between Peptide and Amino Acid Transport 
Physiological peptides are hydrolysed so ra p i d l y t h a t , 
under present circumstances, i n t a c t uptake i n t o the embryo 
cannot be demonstrated. The p o s s i b i l i t y must therefore be 
considered that peptide uptake actually occurs as a r e s u l t 
of e x t r a c e l l u l a r hydrolysis followed by amino acid uptake 
(for possible models see section 1.1.1). However, f o r a 
number of reasons, such a scheme i s of l i t t l e or no 
significance here (although see section 3.1.4.5): 
( i ) The rate of uptake of an amino acid residue from a 
peptide i s f a r more rapid than uptake of the free amino acid 
i t s e l f (section 3.1.3.4). 
( i i ) There i s no evidence f o r e x t r a c e l l u l a r peptidase 
a c t i v i t y . Although amino acids appear i n the medium during 
incubation with a peptide, t h i s i s almost c e r t a i n l y the 
result of exodus from the embryo a f t e r i n t r a c e l l u l a r hydrolysis 
(section 3.1.3.5). This view i s supported by the f a c t t h a t 
DNP and other metabolic i n h i b i t o r s which prevent peptide 
absorption also prevent the appearance of hydrolysis 
products i n the medium. Except i n the u n l i k e l y case t h a t 
- 150 
peptidases themselves require a d i r e c t input of energy 
(section 4.4.5), t h i s indicates t h a t peptide hydrolysis i s 
dependent upon p r i o r transport i n t o the c e l l . 
I n addition, dipeptides are not detected i n the 
medium during incubation with oligopeptides. This i s 
cle a r l y i l l u s t r a t e d by results obtained with peptides 
containing D-amino acids (section 3.2.5). Barley embryos 
are unable t o absorb Gly-D-Leu, Gly-D-Ala and Ala-D-Ala. 
These dipeptides would therefore be expected t o accumulate 
i n the medium i f produced from tripeptides by e x t r a c e l l u l a r 
hydrolysis. However, during incubation with Gly-Gly~D-Leu, 
Gly-Gly-D-Ala and Ala-Ala-D-Ala no trace of the respective 
dipeptides could be detected. 
( i i i ) While mutual i n h i b i t i o n of uptake between most peptides 
is observed, i n no case was any i n h i b i t i o n of peptide 
uptake by an amino acid detected. This suggests the 
existence of quite d i s t i n c t transport systems f o r amino 
acids and peptides. 
(iv) During incubation, only low concentrations of free 
amino acids appear i n the medium, eliminating the p o s s i b i l i t y 
that extensive e x t r a c e l l u l a r hydrolysis could account f o r 
peptide disappearance, unless accompanied by rapid uptake 
of the liberated amino acid residues. Direct measurements 
show that the rate of amino acid uptake i s f a r too slow t o 
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make t h i s a r e a l p o s s i b i l i t y ( s e c t i o n 3.1.3.5). This i s 
p a r t i c u l a r l y w e l l i l l u s t r a t e d i f the s t e r e o s p e c i f i c 
requirements for transport are considered ( s e c t i o n 3.2.5). 
While D-alanine and D-leucine may be r a p i d l y absorbed when 
presented as c e r t a i n peptides, b a r l e y embryos are unable 
to absorb the free amino a c i d s . 
(v) C e r t a i n peptides (Gly-Sar, Gly-Sar-Sar, L-Leu-D-Leu, 
Val-/3-Ala, /3-Ala-Ala and /3-Asp-Ala; sections 3.2.4, 3.2.5) 
may be accumulated i n t a c t against a concentration gradient. 
Evidence from competition experiments, that these peptides 
are absorbed by the same system tha t handles a l l x>hysio~ 
peptides (sections 3.1.4.4, 3.2.4, 3.2.5), shows that a l l 
peptides are handled by a system which a t l e a s t has the 
p o t e n t i a l of operating independently of h y d r o l y s i s . 
Thus, i n b a r l e y embryos the peptide transport system(s) 
i s quite d i s t i n c t from amino a c i d uptake. This i s s i m i l a r 
to the s i t u a t i o n i n a l l other organisms i n which peptide 
transport has been cha r a c t e r i z e d ( s e c t i o n 1.1.1). i n 
i s o l a t e d b a r l e y embryos, as i n E . c o l i and S9 c e r e v i s i a e , the 
u t i l i z a t i o n of any peptide seems to require the operation 
of a peptide transport system(s)? e x t r a c e l l u l a r h y d r o l y s i s 
i s unimportant. This i s i n c o n t r a s t with the s i t u a t i o n i n 
the mammalian gut, where i t i s becoming i n c r e a s i n g l y 
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evident that a considerable proportion of peptides may be 
hydrolysed by membrane-bound peptidases and a c t u a l l y 
absorbed as amino a c i d s . 
I n b a r l e y , as i n a l l other organisms examined, the 
use of p e p t i d a s e - r e s i s t a n t substrates shows that, a t l e a s t 
i n c e r t a i n circumstances, peptide transport may operate i n 
the absence of h y d r o l y s i s (see (v) above). However, the 
p o s s i b i l i t y of an obligatory coupling between h y d r o l y s i s 
and transport cannot be eliminated f o r most p h y s i o l o g i c a l 
peptides. Only i n S. typhimurium has i t yet been p o s s i b l e 
to show t h a t the transport of a l l peptides i s independent 
of h y d r o l y s i s (using peptidase-deficient s t r a i n s ; J.W. 
Payne, unpublished r e s u l t s ) . 
3.1.4.4 Number of Peptide Transport Systems 
There i s often considerable mutual i n h i b i t i o n of uptake 
between peptides. The most probable explanation for t h i s 
e f f e c t i s competition for a common transport s i t e , although 
other p o s s i b i l i t i e s (e.g. competition for an energy supply; 
feedback r e g u l a t i o n of transport) should a t l e a s t be borne 
i n mind, using present techniques i t i s both d i f f i c u l t and 
time-consuming to study transport k i n e t i c s i n d e t a i l ( s e c t i o n s 
2.1.2.5, 3.1.3.6), and impossible to demonstrate c o n c l u s i v e l y 
that i n h i b i t i o n i s indeed competitive. However, other p o s s i b l e 
explanations appear u n l i k e l y : 
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( i ) Non-specific i n h i b i t i o n i s r u l e d out because 
peptides (e.g. c e r t a i n peptides containing D-amino a c i d s ; 
s e c t i o n 3.2.5) which are not transported, show no 
competitive a b i l i t y , i n general, the competitive a b i l i t y of 
a peptide seems to be r e l a t e d to i t s r a t e of uptake. 
( i i ) T r a n s - i n h i b i t i o n by a mechanism of feedback 
regulation, whether by absorbed peptides or amino a c i d s 
derived from them, a l s o appears improbable. I n d i v i d u a l 
peptides are absorbed l i n e a r l y f o r considerable periods of 
time with no evidence for regulation, and f r e e amino acids 
do not a f f e c t peptide uptake, even though they are 
accumulated to a considerable extent by the embryos. 
Although small amounts of p h y s i o l o g i c a l peptide may remain 
i n t a c t w i t h i n the embryo (although too l i t t l e to detect 
by present means), the amounts are i n s i g n i f i c a n t compared 
with the amounts of i n t a c t Gly-Sar or peptide-derived amino 
acids which can be accumulated without a f f e c t i n g peptide 
transport, and therefore seem.unlikely to regulate uptake. 
( i i i ) The observed slopes of the Inui-Christensen p l o t s 
(figures 3.12, 3.13; s e c t i o n 3.1.3.8) cannot be explained 
on the b a s i s of non-competitive i n h i b i t i o n (appendix 3 ) . 
A v a r i e t y of dipeptides can i n h i b i t t r i p e p t i d e uptake 
«nd v i c e v e r s a . I n s e v e r a l cases i n h i b i t i o n i s v i r t u a l l y 
complete, implying t h a t only a s i n g l e transport system 
e x i s t s , capable of handling both d i - and t r i p e p t i d e s . The 
i n h i b i t i o n of Gly-Sar and Gly-Sar-Sar uptake by various 
p h y s i o l o g i c a l d i - and t r i p e p t i d e s shows that they too are 
handled by t h i s same transport system. Additional evidence 
that a range of s t r u c t u r a l l y diverse peptides a l s o compete 
for the same transport system i s presented elsewhere 
( s e c t i o n 3.2). 
Reciprocal p l o t s for the i n h i b i t i o n of Gly-Sar and 
Gly-Sar-Sar uptake show that the transport of these peptides 
may be completely i n h i b i t e d by both dialanine and t r i -
a l a n i n e . Thus, i t seems that there i s no transport system 
unique to e i t h e r d i - or t r i p e p t i d e s . Although the 
p o s s i b i l i t y remains tha t an a d d i t i o n a l system(s) with 
r e s t r i c t e d s p e c i f i c i t y may e x i s t , or t h a t there are s e v e r a l 
systems, each capable of handling both d i - and t r i p e p t i d e s 
with d i f f e r e n t s p e c i f i c i t i e s , there i s no evidence f o r t h i s ; 
a l l peptides t e s t e d , whatever t h e i r s t r u c t u r e , seem to be 
handled by the same transport system ( i f they are transported 
at a l l ) . 
One apparent anomaly i n the data i s the poor 
competitive a b i l i t i e s of d i - and t r i g l y c i n e compared with 
t h e i r r a t e s of uptake. Although a d i r e c t r e l a t i o n s h i p 
between these two parameters would not n e c e s s a r i l y be 
expected, i t i s a general observation t h a t peptides which 
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are transported more r a p i d l y show greater competitive 
a b i l i t i e s . Glycine peptides are the only peptides which 
deviate considerably from t h i s r e l a t i o n s h i p ; t h i s i s 
considered elsewhere ( s e c t i o n 3.2.3.2). 
Thus, on the a v a i l a b l e evidence, b a r l e y seems to be 
s i m i l a r to other eukaryotic organisms studied to date, i n having 
a s i n g l e peptide transport system with broad s p e c i f i c i t y 
for d i - and t r i p e p t i d e s ( s e c t i o n 1.1.3). However, un l i k e 
ba r l e y and other eukaryotes, many b a c t e r i a have, i n 
addition to the oligopeptide permease which handles both 
d i - and t r i p e p t i d e s , a second permease s p e c i f i c for 
dipeptides. I t would be i n t e r e s t i n g to know why b a c t e r i a 
possess t h i s a d d i t i o n a l system. I t may be that the improved 
a b i l i t y of the b a c t e r i a l oligopeptide system to handle 
large peptides (four to s i x r e s i d u e s ) , r e l a t i v e to the 
corresponding eukaryotic systems (section 3.1.4.5), has been 
at the expense of a. high a f f i n i t y for dipeptides. C e r t a i n l y 
i n E. c o l i , the oligopeptide permease handles dipeptides 
rather poorly compared with t r i p e p t i d e s (Alves & Payne, 
personal communication), while i n b a r l e y and other 
eukaryotes d i - and t r i p e p t i d e s are transported a t s i m i l a r 
r a t e s . 
3.1.4.5 S i z e R e s t r i c t i o n for Peptide Uptake 
Di- and t r i p e p t i d e s are handled by the same transport 
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system i n b a r l e y . However, the s i t u a t i o n with regard to 
la r g e r peptides i s s l i g h t l y ambiguous. Small amounts of 
Gly-Sar-Sar-Sar are taken up by b a r l e y embryos. However, 
uptake i s not a f f e c t e d by metabolic i n h i b i t o r s and i s 
therefore u n l i k e l y to represent a c t i v e uptake v i a the 
peptide transport system. Furthermore, the uptake of t e t r a - , 
penta- and hexaglycine i s indetectable, although t e t r a -
and pentaalanine are absorbed by b a r l e y embryos. The r a t e 
a t which alanine i s absorbed by the embryo from these 
peptides i s greater than from an equivalent concentration of 
the f r e e amino a c i d . I n addition, these peptides competitively 
i n h i b i t the uptake of Gly-Sar. Thus, i t seems c l e a r t h a t a t 
l e a s t a portion of t h e i r uptake i s mediated by the peptide 
transport system. However, considerable q u a n t i t i e s of f r e e 
alanine appear i n the medium during incubation with these 
larger peptides. I t i s not c l e a r whether t h i s i s the r e s u l t 
of exodus from the embryo or a r e s u l t o f e x t r a c e l l u l a r 
h y d r o l y s i s . The p o s s i b i l i t y that h y d r o l y s i s followed by 
amino a c i d uptake plays a r o l e i n the u t i l i z a t i o n of these 
larger peptides cannot, therefore, be excluded. Furthermore, 
traces of d i - / t r i a l a n i n e appear i n the incubation medium, 
r a i s i n g the p o s s i b i l i t y t h a t t e t r a - and pentaalanine may be 
hydrolysed e x t r a c e l l u l a r l y to d i - and t r i p e p t i d e s p r i o r to 
absorption. 
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Thus, although i t seems l i k e l y that the b a r l e y 
peptide transport system i s able to handle c e r t a i n 
t e t r a - and pentapeptides, other possible explanations f o r 
the r e s u l t s cannot yet be discounted. Again, there i s a 
c l e a r s i m i l a r i t y between the b a r l e y peptide transport 
system and s i m i l a r systems i n other eukaryotic organisms 
(section 1.1.4.1); while di-and t r i p e p t i d e s are absorbed 
e f f i c i e n t l y , l a r g e r peptides are handled l e s s w e l l , i f a t 
a l l . 
3.1.4.6 pH Optimum for Peptide Transport 
The uptake of Gly-Sar and p h y s i o l o g i c a l peptides 
shows an optimum at about pH 3.8. Although t h i s may seem 
low, i t i s i n good agreement with the pH reported for the 
ba r l e y endosperm i n vivo, and the pH optima of the endosperm 
proteases ( s e c t i o n 1.3.4.1). A s i m i l a r a c i d i c pH optimum 
was found for glutamine transport by the maize scutellum 
(Stewart, 1971). 
The increase i n peptide uptake as the pH i s lowered 
from pH 8.0 to 3.8 cannot be a t t r i b u t e d to a general increase 
i n membrane permeability, or to non-specific adsorption, as 
uptake a t pH 3.8 i s against a concentration gradient and 
i n h i b i t e d by a v a r i e t y of metabolic i n h i b i t o r s . Only a t 
pa 2.2 may the small amount of r e s i d u a l uptake be non-active; 
i n h i b i t o r s do not a f f e c t uptake a t t h i s low pH. 
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I t remains to be e s t a b l i s h e d whether the influence 
of pH i s exerted p r i m a r i l y through changes i n protonation 
of the peptide substrate, of a protein c a r r i e r , or an 
e f f e c t on energy supply (the p o s s i b i l i t y t h a t a proton 
gradient may be involved i n energizing peptide transport 
i s considered elsewhere; s e c t i o n 3.3.3.5). 
3.1.4.7 K i n e t i c Studies of Peptide Transport 
The k i n e t i c s of transport were only studied i n d e t a i l 
for two peptides, d i g l y c i n e and t r i a l a n i n e . The uptake of 
both these peptides conforms to a saturable, Michaelis-
Menten-type mechanism. There i s no evidence for a 
s i g n i f i c a n t d i f f u s i o n a l (non-mediated) component to uptake. 
This i s i n agreement with competition experiments which 
show that 100% i n h i b i t i o n of transport can be achieved. 
The transport parameters, K. and V a * d i f f e r s l i g h t l y 
"C max 
for the two peptides examined. Any attempt a t an explanation 
of these d i f f e r e n c e s would be premature and must await a 
c l e a r e r understanding of the mechanism of transport. However, 
the K t f o r transport (1.9 mM for t r i a l a n i n e ) i s very s i m i l a r 
to the concentrations of peptide present i n the b a r l e y endo-
sperm ( s e c t i o n 5.4.2). I n t e r e s t i n g l y , the of the embryo 
dipeptidases v a r i e s between 0.3 and 15.8 mM, depending upon 
the substrate (Sopanen, 1976). 
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No evidence for b i - or multiphasic k i n e t i c s 
(Epstein, 1976) has been obtained, although t h i s has been 
claimed for amino a c i d transport i n many plant t i s s u e s 
(Shtarkshall & Reinhold, 1974; Hancock, 1975; King, 1976; 
Borstlap, 1977; Harrington & Smith, 1977; L i e n & Rognes, 
1977; Soldal & Nissen, 1978). However, the l i m i t e d peptide 
concentration range employed here may not have revealed the 
f u l l s i t u a t i o n . 
I t i s a l s o worth noting that peptide uptake i s l i n e a r 
(except where substrate becomes l i m i t i n g ) for a t l e a s t 8 h, 
and possibly very much longer. This i s s i m i l a r to other 
transport processes i n plants (see Higgins & Payne, 1979) yet 
markedly d i f f e r e n t from peptide transport i n the mammalian gut, 
which i s r a r e l y l i n e a r for more than about 30 min. This i s 
presumably due to t h e a b i l i t y of plant c e l l s to deposit 
unwanted metabolites i n the vacuole, eliminating the need to 
regulate transport per se. The considerable q u a n t i t i e s of 
free amino acid s which can be accumulated by b a r l e y embryos 
(section 3.1.3.1) provide a good i l l u s t r a t i o n of t h e i r 
storage capacity* 
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3.2 S t r u c t u r a l Requirements for Peptide Transport 
3.2.1 Requirement for the Terminal Amino and Carboxyl Groups • —-* 
The N-terminal a-amino group and C-terminal a-carboxyl 
group are c l e a r l y important s t r u c t u r a l f e atures of any 
peptide; a t p h y s i o l o g i c a l pH's they w i l l be predominantly 
p o s i t i v e l y and negatively charged, r e s p e c t i v e l y . I t might 
be a n t i c i p a t e d t h a t these groups w i l l play a c r u c i a l r o l e 
i n determining the binding of a peptide to i t s t r a n s p o r t 
s i t e . 
3.2.1.1 Methods 
Standard fluorescamine and dansyl c h l o r i d e procedures 
were employed throughout, as indicated, although c e r t a i n 
modifications were introduced f o r p a r t i c u l a r peptides. 
Peptide e s t e r s : Methyl and e t h y l e s t e r linkages were 
found to be l a b i l e a t pH 9.6, during the dansylation 
r e a c t i o n . The r e a c t i o n time was therefore r e s t r i c t e d to 
20 min, during which period h y d r o l y s i s was i n s i g n i f i c a n t 
although peptide l a b e l l i n g s t i l l reached completion ( a t 
l e a s t f o r the low concentrations of peptide employed). 
Peptides with a modified N-terminal amino group: A l k y l 
d e r i v a t i v e s of d i - and t r i g l y c i n e were synthesised by 
Dr. J.W. Payne (Payne, 1974). 
A number of d i f f i c u l t i e s are associated with the 
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a p p l i c a t i o n of fluorescence techniques to the transport 
of peptides with modified a-amino groups: 
( i ) S u b s t i t u t i o n of the a-amino group of a peptide 
i n t e r f e r e s with i t s r e a c t i o n with dansyl c h l o r i d e . 
Acetylated peptides show no r e a c t i o n , while a l k y l a t e d 
peptides r e a c t only poorly. Thus, for those peptides whose 
r e a c t i o n with dansyl chloride i s i n s u f f i c i e n t , uptake of 
peptide from the medium was monitored by following the 
l e v e l of the peptides' constituent amino a c i d s , a f t e r a c i d 
h y d r o l y s i s . Although somewhat l e s s s e n s i t i v e than following 
the uptake of i n t a c t peptide d i r e c t l y , r a t e s of uptake 
greater than 5 \xcn/g/8 h, from a 1 mM so l u t i o n , can be 
detected. 
( i i ) Both a l k y l a t e d and acetylated peptides give a 
n e g l i g i b l e fluorescence y i e l d with fluorescamine. T h e i r 
uptake cannot therefore be monitored d i r e c t l y . However, 
i t i s possible to study the competitive e f f e c t s these 
peptides e x e r t on the uptake of unsubstituted peptides. 
The f a i l u r e of peptides with a c y l or large a l k y l sub-
s t i t u e n t s to give a fluorescent product with fluorescamine 
makes t h i s method i d e a l f o r such s t u d i e s . Peptides with 
smaller a l k y l s ubstituents ( e s p e c i a l l y N-methylated 
peptides) are l e s s u s e f u l as they i n t e r f e r e with the 
r e a c t i o n between other peptides and fluorescamine ( s e c t i o n 
2.4.3.6). However, i n the presence of a constant amount 
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of a competing N-methylated peptide, the fluorescence 
y i e l d obtained with varying concentrations of an 
unsubstituted peptide i s s t i l l l i n e a r , although 
considerably lower than i n the absence of the secondary 
amine (section 2.4.3.6). Thus, the competitive e f f e c t s 
of peptides with small a l k y l s ubstituents can s t i l l be 
studied i f t h e i r concentration remains constant throughout 
incubation• T h i s i s a reasonable assumption i f high 
i n i t i a l concentrations are employed and the peptide i s 
only transported r e l a t i v e l y poorly. 
( i i i ) The a v a i l a b l e peptides are r e s t r i c t e d , mainly to 
d e r i v a t i v e s of d i - and t r i g l y c i n e which, even when 
unsubstituted, are known to be poor substrates for the 
ba r l e y peptide transport system ( s e c t i o n 3.2.3.2). 
3.2.1.2 R e s u l t s 
3.2.1.2.1 C-Terminal Carboxyl Group 
Peptides l a c k i n g a C-terminal carboxyl group. 
3-alanine can be considered as an a s p a r t i c a c i d residue 
with the a-carboxyl group replaced by a hydrogen atom. 
GAB bears a s i m i l a r r e l a t i o n s h i p to glutamic a c i d . Table 
3.7 shows the r a t e s of uptake of a number of peptides with 
glutamic a c i d or a s p a r t i c a c i d a t the C-terminus, together 
with the corresponding GAB or ^-alanine d e r i v a t i v e s . 
C l e a r l y , replacement of the carboxyl group with a hydrogen 
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P n b l f 3.7: Rates of Uptake of v a r i o u s Peptides and 
t h e i r Analogues l a c k i n g a C - t e r m i n a l Carboxvl Oroap 
Peotide 
(jim/z f r e s h wt./h) 
Gly-Asp 2.6 
Val-Asp 2.*f 
Oly-Olu 2.2 
Val-^-Ala 1-3 
Gly-.GAB ND 
Gly-^-Ala ND 
Gly-Gly-^-Ala ND 
Disappearance of peptide from a ImM so l u t i o n was 
monitored using dansyl c h l o r i d e . Incubations were 
c a r r i e d out for 8h under standard conditions ( s e c t i o n 
2.3-D• Each value i s the average of two separate 
determinations. 
ND = not detectable. 
16*+ 
Infrle Katies Qf Uptake <s£ Y a r i p w ? Peptides 
P.nd t h e i r Analogues l a c k i n g a C - t e r m i n a l Carboxyl Group 
PePUde Rate of UDtake 
ijMn/g f r e s h w t . / t i ) 
Gly-Asp 3-2 
Val-Asp 3-3 
Gly-Glu 
Val- ^ - A l a 2.h 
Gly-GAB 1.0 
Gly-p-Ala 0.6 
Gly-Gly-^-Ala OA 
Uptake from a 2mM s o l u t i o n o f each p e p t i d e was 
monitored u s i n g f l u o r e s c a m i n e . I n c u b a t i o n s were c a r r i e d 
out f o r k.$h under standard c o n d i t i o n s ( s e c t i o n 2.3-1) • 
Each value i s t h e average of two separate d e t e r m i n a t i o n s 
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atom considerably reduces peptide uptake. 
Table 3.8 gives the r a t e s of uptake of the same 
peptides, monitored using fluorescamine. The greater 
s e n s i t i v i t y of t h i s method, together with the higher 
peptide concentrations employed, show t h a t a l l those 
peptides whose uptake was indetectable using dansyl 
chloride are i n f a c t taken up by b a r l e y embryos, a l b e i t 
slowly. Again i t i s c l e a r t h a t the lack of a c-terminal 
carboxyl group impairs peptide transport. 
The only one of these peptides detected i n t a c t i n 
embryo e x t r a c t s was Val-£-Ala; 3.9 [xm/g f r e s h wt. 
accumulated over an 8 h incubation period. This i s rat h e r 
l e s s than the amount of peptide l o s t from the medium 
(10.9 \xm/g f r e s h wt/8 h ) ; the difference i s accounted f or 
by the increase i n f r e e v a l i n e i n the embryo, showing t h a t 
a proportion of the absorbed peptide i s hydrolysed. 
Neither Gly-GAB or Gly-0-Ala competitively i n h i b i t 
dialanine uptake, although some i n h i b i t i o n by Val-/3-Ala 
i s detectable (table 3.9). 
Peptides with s u b s t i t u t e d C-terminal carboxvl groups. 
Table 3.10 shows the r a t e s of uptake of a number of 
peptides and t h e i r e s t e r or amide d e r i v a t i v e s , determined 
using the fluorescamine method. C l e a r l y , s u b s t i t u t i o n of 
the carboxyl,group reduces the r a t e of uptake considerably. 
- 166 -
Table 3.9t I n h i b i t i o n of D i a l a n i n e Uptake 
bv v a r i o u s Peptides w i t h M o d i f i e d C - t e r m i n j 
Competing p e p t i d e C o n c e n t r a t i o n I n h i b i t i o n o f uptake 
(mM) (%) 
Gly-Gly-OEt 9 0 
Gly-GAB 18 0 
Gly-Tyr-NH 2 9 12 
Gly-^-Ala 9 0 
Gly-Leu-NH 2 18 0 
Val-S-Ala 9 IfO 
Uptake of d i a l a n i n e from a ImM s o l u t i o n was monitored 
over a 6h i n c u b a t i o n p e r i o d , u s i n g dansyl c h l o r i d e . 100% 
uptake of d i a l a n i n e was l6jjm/g f r e s h wt. I n c u b a t i o n s 
were c a r r i e d out under standard c o n d i t i o n s ( s e c t i o n 2.3*1). 
Each value i s the average of two separate d e t e r m i n a t i o n s . 
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Table ^.10: Rates of Uptake of various Peptides 
and the i r D e r i v a t i v e s with Modified Carboxyl Groups 
Rate of UDtake 
(^pi/g fregh v t r / h ) 
Ala-Ala-Ala h.O 
Ala-Ala-Ala-OMe 0.8 
Asp-Phe 3-5 
Asp-Phe-OMe 0.6 
Gly-Gly 2.6 
Gly-Gly-OEt O.k 
Gly-Gly-NH 2 0.3 
Gly-Leu k.2 
Gly-Leu-NH 2 0.5 
Gly-Tyr 3 A 
Gly-Tyr-NH2 1.2 
Peptide uptake from a 2mM solution was monitored 
using fluorescamine. Incubations were c a r r i e d out for 
h.$h under standard conditions ( s e c t i o n 2.3-1). Each 
value i s the average of two separate determinations. 
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The dansyl c h l o r i d e procedure gave s i m i l a r r a t e s of uptake 
for the unsubstituted peptides, although i t was not 
s e n s i t i v e enough to detect uptake of t h e i r e s t e r s or amides. 
None of the peptides t e s t e d i n h i b i t e d the uptake of 
dialanine (table 3.9). The apparent i n h i b i t i o n by 
Gly-Tyr-NH 2 i s almost c e r t a i n l y the r e s u l t of acetate 
i n h i b i t i o n ( s e c t i o n 3.3,2.5). The peptide i s only supplied 
as i t s acetate s a l t , and equivalent concentrations of acetate 
alone a f f e c t d ialanine uptake i n a s i m i l a r manner. 
None of the peptides was detected i n t a c t i n the enibryo 
a f t e r 8 h incubation i n a 1 mM so l u t i o n . However, t y r o s i n e 
increased i n the embryo a f t e r incubation with Gly-Tyr-NH 2, 
corresponding to a r a t e of uptake of 0.2 [xm/g f r e s h wt/h). 
Traces of tyr o s i n e and Gly-Tyr a l s o appeared i n the incubation 
medium. While the uptake of Gly-Tyr-NH^ (as judged by the 
appearance of t y r o s i n e i n the embryo) was t o t a l l y i n h i b i t e d 
by 9 mM dia l a n i n e , the appearance of Gly-Tyr i n the medium 
was unaffected. Thus, i t seems that the observed uptake 
of Gly-Tyr-NH 2 i s the r e s u l t of peptide uptake a f t e r 
e x t r a c e l l u l a r deamidation. Although t h i s i n t e r p r e t a t i o n 
requires t h a t the unsubstituted Gly-Tyr i n the medium should 
a c t u a l l y increase i n the presence of dialanine^ such an 
increase, i f i t occurred, would not have been detectable. 
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3.2.1.2.2 N-Terminal Amino Group 
Acetylated peptides. Table 3.11 shows the e f f e c t 
of three acetylated peptides, acetyl-Gly-Gly, acetyl-Gly-Leu 
and acetyl-Ala-Ala, on the uptake of d i a l a n i n e . Although 
acetyl-Ala-Ala and acetyl-Gly-Leu i n h i b i t d i a l a n i n e uptake, 
the e f f e c t i s very much l e s s than that produced by the 
unsubstituted peptides (judging from previous r e s u l t s , f r e e 
dialanine would be expected to compete at l e a s t as w e l l as 
Gly-Leu). The l a c k of an i n h i b i t o r y e f f e c t with a c e t y l - G l y -
Gly i s perhaps not s u r p r i s i n g i f the poor competitive a b i l i t y 
of d i g l y c i n e i t s e l f i s considered ( s e c t i o n 3.1.3.7). 
I n t a c t uptake of these peptides cannot be monitored 
as they f a i l to r e a c t with dansyl c h l o r i d e . However, during 
8 h incubation with 2 mM acetyl-Gly-Leu, a small increase i n 
free leucine i s detected i n the embryo, showing i t can be 
absorbed to some extent. 
A f u r t h e r i n d i c a t i o n t h a t a c e t y l a t e d peptides may be 
taken up was obtained by monitoring changes i n the l e v e l s 
of t h e i r c o n s t i t u e n t amino a c i d i n the medium, a f t e r a c i d 
h y d r o l y s i s . The exodus of amino acids from the embryo made 
accurate q u a n t i f i c a t i o n d i f f i c u l t , and the p a r t i c u l a r l y high l e v e l s 
of alanine precluded the use of t h i s method f o r a c e t y l -
Ala-Ala. However, the lower l e v e l s of glycine and l e u c i n e 
undergoing exodus allowed the uptake of acetyl-Gly-Leu and 
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Table 3.11; I n h i b i t i o n of Dialanine Uptake 
by N-substituted Peptides 
Competing Peptide I n h i b i t i o n of uptake (#) 
Sar-Ala ND 
Sar-Ser ND 
Sar-Gly ND 
Sar-Gly-Gly ND 
Propyl-Gly-Gly 2h 
Isopropyl-Gly-Gly ND 
Isobutyl-Gly-Gly 8 
Dimethyl-Gly-Gly ND 
Acetyl-Gly-Gly ND 
Gly-Leu 100 
Acetyl-Gly-Leu 36 
Acetyl-Ala-Ala 17 
Butyl-Gly-Gly-Gly ND 
Isobutyl-Gly-Gly-Gly ND 
Uptake of d i a l a n i n e from a ImM solution was monitored 
over a *f.5h incubation period, using fluorescamine (except 
in the presence of Gly-Leu where dansyl c h l o r i d e was 
employed). A l l r e s u l t s were confirmed using dansyl 
chl o r i d e . Incubations were c a r r i e d out under standard 
conditions ( s e c t i o n 2.3.1) with the competing peptides at 
l8mM. Each value i s the average of two separate deter-
minations. 100$ uptake of d i a l a n i n e was 2.9 Mm/g f r e s h 
vt./h. ' 
ND = no i n h i b i t i o n detectable. 
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acetyl-Gly-Gly to be compared with the corresponding 
unsubstituted peptides using t h i s method; a c e t y l a t i o n 
l e d to a considerable reduction i n the r a t e of peptide 
uptake. 
Alkylated peptides. Table 3.11 a l s o shows the e f f e c t s 
of s e v e r a l a l k y l a t e d peptides on di a l a n i n e uptake. Although 
propyl-Gly-Gly and isobutyl-Gly-Gly ^>pear to i n h i b i t 
uptake to some degree, most N-alkylated peptides had no 
detectable e f f e c t . 
The dansyl c h l o r i d e method was not s e n s i t i v e enough to 
detect the uptake of any a l k y l a t e d peptide from the 
incubation medium (dimethy 1-diglycine, which does not r e a c t 
with dansyl c h l o r i d e , was monitored by changes i n gl y c i n e 
l e v e l s a f t e r a c i d h y d r o l y s i s ) , although unsubstituted d i -
and t r i g l y c i n e are both absorbed a t a r a t e of about 12 [its/ 
g/3 h from so l u t i o n s of an equivalent concentration (1 mM). 
Examination of eiribryo e x t r a c t s showed that N-methylated 
(sarcosyl) peptides are taken up i n t a c t , to a small extent 
(about 1 ^tr/g/fresh wt/8 h, from a 2 mM solution) . Free 
sarcosine appears i n the embryo, i n d i c a t i n g t h a t a proportion 
of the absorbed peptide i s hydrclysed (table 4.1, s e c t i o n 
4.3.1). Propyl-diglycine i s a l s o taken up i n t a c t (1.2 [xra/g 
fresh wt/8 h, from a 2 raM s o l u t i o n ) , again undergoing 
p a r t i a l h y d r o l y s i s (propyl-glycine appears i n the embryo a t 
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3 \xm/g f r e s h wt/8 h ) . No other a l k y l a t e d peptides were 
taken up i n t a c t , although during incubation with i s o b u t y l -
d i g l y c i n e , i s o b u t y l - g l y c i n e appears i n embryo e x t r a c t s 
(0.9 \xm/<3 f r e s h wt/8 h, from a 2 mM s o l u t i o n ) . 
3.2.1.3 Discussion 
I n considering these r e s u l t s , the p o s s i b i l i t y t h a t 
c e r t a i n of the substituted peptides may undergo e x t r a c e l l u l a r 
modification (e.g. deacylation, deamidation), and t h a t the 
active species i s a c t u a l l y the unsubstituted peptide, 
should be borne i n mind. However, t h i s p o s s i b i l i t y seems 
u n l i k e l y as i n no case (except Gly-Tyr-NH^) was the unsub-
s t i t u t e d peptide detected i n the medium during incubation. 
I t seems that both the N- and the C-termini of a 
peptide are important i n conferring a f f i n i t y f o r the transport 
system, although neither group i s e s s e n t i a l . 
Peptides with substituted C-termini ( e s t e r s and amides) 
show reduced r a t e s of uptake and no detectable competitive 
a b i l i t y . T h i s i s not simply a s t e r i c a f f e c t , as peptides 
lacking the carboxyl group (GAB and 0-alanine d e r i v a t i v e s ) 
are a l s o very poor s u b s t r a t e s . One anomaly i s Val-0-Ala. 
This peptide i s absorbed f a i r l y r a p i d l y and shows a 
corresponding competitive a b i l i t y . I n addition, i t can be 
detected i n t a c t w i t h i n the embryo, although a c e r t a i n 
proportion of the absorbed peptide i s hydrolysed. No 
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explanation f o r the unexpectedly high r a t e of transport 
of t h i s peptide can be advanced a t present. 
Peptides with a modified cc-amino group are a l s o 
absorbed r e l a t i v e l y slowly, compared with t h e i r 
unsubstituted counterparts. However, despite the 
r e s t r i c t e d substrates a v a i l a b l e i t does seem that sub-
s t i t u t i o n of the N-terminus has l e s s of an e f f e c t on uptake 
than s u b s t i t u t i o n of the C-terminus. Thus, f o r example, 
acetyl-Gly-Leu i n h i b i t s dialanine uptake quite strongly, 
while a t s i m i l a r concentrations Gly-Leu-amide has no 
detectable e f f e c t . Although most N-terminal su b s t i t u t e d 
d e r i v a t i v e s show no competitive a b i l i t y t h i s i s probably 
a consequence of employing d e r i v a t i v e s of d i - and t r i g l y c i n e . 
However, i t i s noticeable that i s o b u t y l - and propyl-
diglycine are s t i l l able to compete with dialanine to a 
c e r t a i n extent, as w e l l as being absorbed by the embryos. 
Further evidence suggesting t h a t the C-terminus i s more 
important than the N-terminus i s presented elsewhere ( s e c t i o n 
3.2.4; 3.2.5.3). 
N-methylated (s a r c o s y l ) peptides do not show any 
detectable competitive a b i l i t y y e t may be detected i n t a c t 
within the embryos; the presence of f r e e sarcosine a l s o 
shows they may be absorbed a t quite a r a p i d r a t e . This 
apparent anomaly seems to be the r e s u l t of the uptake of 
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N-methylated peptides by an a l t e r n a t i v e mode of entry, 
unavailable to other peptides (see chapter 4 ) . 
The requirement f o r the N- and C-terminal groups of 
a peptide i s a l s o a feature of peptide transport i n a l l 
other organisms which have been studied. In &. c e r e v i s i a e , 
c e r t a i n N-acetyl and N-benzyloxycarbonyl d e r i v a t i v e s of 
both d i - and t r i p e p t i d e s may be used as growth s u b s t r a t e s , 
although many other growth-supporting peptides are not 
u t i l i z e d a f t e r a c e t y l a t i o n (Naider e t a l . , 1974? Becker 
& Naider, 1977? Jones, 1977? Marder e t a l . , 1977). However, 
s u b s t i t u t i o n of the C-terminal group seems to have a l e s s 
d r a s t i c e f f e c t on peptide u t i l i z a t i o n ? the methyl e s t e r s 
of a l l peptides tested are able to serve as growth su b s t r a t e s , 
a l b e i t a f t e r an increased l a g phase (Naider e t a l . , 1974? 
Becker & Naider, 1977). Although i t must be emphasized 
that the growth t e s t s employed with yeast are i n d i r e c t and 
very i n s e n s i t i v e , i t nevertheless appears that i n 
c e r e v i s i a e , the N-terminus i s more important than the 
C-terminus i n conferring a f f i n i t y f or the peptide transport 
system. This i s i n c o n t r a s t with the s i t u a t i o n i n barley, 
where the C-terminus seems to be most important. However, 
i n a second yeast, Candida a l b i c a n s , the requirements seem 
to be s i m i l a r to barley? peptide methyl e s t e r s cannot be 
used as growth substrates ( L i c h l i t e r e t a l , , 1976). 
Both peptide termini seem to be important for 
peptide transport by the mammalian gut, although the 
requirements have not been studied s y s t e m a t i c a l l y . 
Amidation or methylation of the C-terminal cc-carboxyl 
group reduces a f f i n i t y considerably (Addison e t a l . , 1974, 
1975b)• S i m i l a r l y , peptides with a su b s t i t u t e d a-amino 
group are poor substrates for transport (Rubino e t a l . , 
1971; Burston e t a l . , 1972; Addison e t a l . , 1974, 1975b; 
Das & Radhakrishnan, 1974). 
The s i t u a t i o n i n b a c t e r i a seems to be somewhat d i f f e r e n t , 
although i t must be remembered that r e s u l t s based on growth 
t e s t s do not d i s t i n g u i s h between slow uptake and no uptake 
at a l l . I n E . c o l i , N-substituted d i - and oligopeptides may 
be u t i l i z e d as long as the p o s i t i v e charge i s r e t a i n e d . 
Thus, N-alkylated d e r i v a t i v e s are u t i l i z e d while N-acetylated 
or d i a l k y l a t e d d e r i v a t i v e s are unable to serve as 
growth substrates (Payne, 1971a, 1974; Becker & Naider, 
1974). A s i m i l a r requirement for the N-terminus i s shown 
by s e v e r a l other b a c t e r i a l species (fS. typhimurium; 
Jackson e t a l . , 1976. Pseudomonas: C a s c i e r i & Mallette, 
1976; M i l l e r & Becker, 1978. Streptococcus: Law, 1978). 
The requirement for the c-terminal carboxyl group 
d i f f e r s f o r the d i - and oligopeptide systems. Dipeptides 
apparently require an unsubstituted carboxyl group i n order 
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to enter through the dipeptide permease, although dipeptides 
lacking a carboxyl group can s t i l l enter v i a the o l i g o -
peptide permease (Payne & G i l v a r g , 1968a; F i c k e l & 
G i l v a r g , 1973? Payne, 1973; H i r s h f i e l d & P r i c e , 1975), 
Oligopeptides, on the other hand, remain good growth 
substrates, even i f the carboxyl group i s removed or 
substituted (Payne & G i l v a r g , 1968a? F i c k e l & G i l v a r g , 
1973? Payne, 1973? A l l e n e t a l . , 1978). However, recent 
r e s u l t s using fluorescence procedures show that, despite 
t h e i r seemingly normal n u t r i t i o n a l a v a i l a b i l i t y , C-sub-
s t i t u t e d oligopeptides are a c t u a l l y transported a t 
decreased r a t e s (J.W. Payne, unpublished r e s u l t s ) . Hence 
the C-terminus i s important, even i n t h i s system. 
I t i s i n t e r e s t i n g to consider how a transport system 
which w i l l accommodate both d i - and oligopeptides can have 
requirements for both the C-terminal carboxyl and the 
N-terminal amino group? binding s i t e s aligned for the two 
charged groups of a dipeptide cannot a l s o be aligned for 
the same group i n a tripeptide, and v i c e v e r s a . A 
further r e l e v a n t feature i s the degree of protonation of 
the terminal groups. This w i l l vary according to t h e i r 
pK^/pI^ and the pH of t h e medium. I f the transport system 
only handles, for example, peptides with a protonated 
amino group (as i t seems to i n E . c o l i ? Payne, 1971a), 
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c e r t a i n s t r u c t u r a l modifications to a peptide may a f f e c t 
transport, simply by a l t e r i n g the pK^ of the peptide, 
Protonation of the a-amino group seems u n l i k e l y to be 
important i n b a r l e y ; a t pH 3.8 only a n e g l i g i b l e 
proportion of the peptide w i l l be i n the unprotonated form. 
However, a t t h i s pH, the degree of protonation of the 
carboxyl group would seem to be more r e l e v a n t . Amino a c i d 
transport by E h r l i c h ' s c e l l s i s terminated by protonation 
of the carboxyl group (Garcia-Sancho e t al.# 1977b). 
3.2.2 Transport of Proline-Containing Peptides 
Pro l i n e i s of p a r t i c u l a r importance i n b a r l e y , i n 
that i t i s one of the most abundant amino acids of the 
endosperm storage protein. I t has a l s o been suggested that, 
as a r e s u l t of the apparent i n a b i l i t y of b a r l e y proteases 
and peptidases to cleave bonds involving proline ( s e c t i o n 
5.4.4.2), a large proportion of peptides produced i n the 
endosperm w i l l have terminal proline residues, 
although work presented below (chapter 5) shows t h i s view 
to be unfounded. 
Pr o l i n e i s a l s o unique amongst the protein amino a c i d s 
i n that i t has an imino group rather than an a-amino group. 
I n view of the importance of the N-terminal group f o r 
peptide transport ( s e c t i o n 3.2.1), i t i s of i n t e r e s t to 
a s c e r t a i n whether peptides with an N-terminal proline 
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residue are handled by the general peptide transport 
system. I n addition, proteases and peptidases of broad 
s p e c i f i c i t y are normally unable to cleave bonds involving 
p r o l i n e (including b a r l e y peptidases; s e c t i o n 5.4.4.2); 
s p e c i f i c enzymes are generally required. I t therefore 
seems possible t h a t a s p e c i f i c peptide transport system(s) 
might e x i s t to handle peptides with terminal p r o l i n e 
residues. 
3.2.2.1 Resul t s 
Figure 3.18 shows the uptake of a number of peptides 
containing proline residues a t e i t h e r the C- or N-terminus, 
incubation, only small amounts of proline appeared i n the 
medium, i n d i c a t i n g e x t r a c e l l u l a r h y d r o l y s i s i s unimportant 
(see s e c t i o n 3.1.3.5). C l e a r l y these peptides are absorbed 
by b a r l e y embryos a t r a t e s comparable with most other 
p h y s i o l o g i c a l peptides. 
For the following representative peptides, no i n t a c t 
uptake could be detected i n the embryo a f t e r 8 h incubation 
i n a 1 mM solution,.although large increases i n free 
proline were apparent; Ala-Pro, Gly-Pro, Pro-Gly-Gly and 
Gly-Gly-Pro. 
I n the presence of 9 mM G l y - I l e , no uptake of the 
following peptides was detectable over an 8 h period, from 
a 1 mM s o l u t i o n ; Pro-Gly-Gly, Ala-Pro, Pro-Tyr and Gly-Pro. 
Pro-Giy was taken up slowly (2.5 n V g / 8 h ) compared with 
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Figure ^.18: Uptake of Proline-containing Peptides 
Uptake of peptides from a ImM s o l u t i o n was 
monitored by f o l l o w i n g t h e i r disappearance 
from the medium, using dansyl c h l o r i d e : 
Ala-Pro ( • ) , Gly-Pro ( • ) , Phe-Pro ( A ) , Gly-
Gly-Pro ( • ) , Pro-Val ( • ) , Pro-Gly ( o ) , Pro-
Tyr ( A ) , Pro-Gly-Gly ( o ) . Standard incubation 
conditions were employed (section 2*3*1)• Each 
value i s an average of at least two separate 
determinations. 
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Figure 3.19; I n h i b i t i o n of Pro-Val Uptake by Dialanine 
Uptake of Pro-Val from a ImM sol u t i o n , alone 
( • ) , and i n the presence of ImM ( • ) , 2mM ( A ) , 
5mM ( • ) , or 9mM (o) dialanine,was monitored 
using dansyl c h l o r i d e . Standard incubation 
procedures were employed (section 2.3*1) • Each 
value i s an average of three separate deter-
minations. Bars represent the range of values 
obtained. 
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i t s r a t e of uptake i n the absence of G l y - I l e . Figure 
3.19 shows the e f f e c t s of varying concentrations of 
dial a n i n e on the uptake of Pro-Val. Again considerable 
i n h i b i t i o n i s apparent. The increase i n the rate: of 
uptake towards the end of incubation r e f l e c t s the decrease 
i n the concentration of competing d i a l a n i n e , following 
i t s uptake by the enibryo. 
3.2.2.2 Discussion 
Despite the apparent requirement f or a primary a-amino 
group for peptide transport ( s e c t i o n 3.2.1), peptides with 
an N-terminal proline residue (a secondary amino group) 
are transported by b a r l e y embryos a t r a t e s comparable with most 
other peptides. Competition for transport shows that uptake 
i s mediated by the same transport system. Indeed, the 
a b i l i t y of G l y - I l e to i n h i b i t t o t a l l y the uptake of s e v e r a l 
d i - and t r i p e p t i d e s containing proline i n d i c a t e s that, i f 
a s p e c i f i c proline-peptide transport"system i s present, i t 
i s of l i t t l e importance under the conditions employed. As 
the substrate concentrations used here are s i m i l a r to the 
ph y s i o l o g i c a l concentrations i n the b a r l e y endosperm 
(s e c t i o n 5.4.2), i t seems u n l i k e l y t h a t a s p e c i f i c transport 
system f or proline-peptides w i l l e x i s t . 
I t seems therefore, t h a t the peptide transport system 
i s able to handle prolyl-peptides, while d i s c r i m i n a t i n g 
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a g a i n s t most other secondary amines. A s i m i l a r s i t u a t i o n 
holds for dipeptides with a C-terminal p r o l i n e r e s i d u e . 
While an unsubstituted peptide bond i s normally a r e q u i r e -
ment for peptide transport (see below, s e c t i o n 3.2.4), 
dipeptides with a C-terrainal p r o l i n e residue are s t i l l 
e x c e l l e n t s u b s t r a t e s . I t i s i n t e r e s t i n g to consider how 
a binding s i t e can make such d i s t i n c t i o n s . 
The a b i l i t y to handle proline-containing peptides 
fu r t h e r emphasises the s i m i l a r i t y between the b a r l e y 
peptide transport system and analogous systems i n other 
organisms. I n the mammalian gut, what l i t t l e evidence i s 
a v a i l a b l e i n d i c a t e s that proline-containing peptides may 
be handled by the same system as other peptides (Das & 
Radhakrishnan, 1974; Addison e t a l . , 1975c). S i m i l a r l y , 
i n S . c o l i (Payne, 1971b) and S. typhimurium (Jackson e t a l . , 
1976; Yang e t a l . , 1977) i t i s c l e a r t h a t both the d i - and 
oligopeptide systems are capable of handling p r o l i n e -
containing peptides. 
The a b i l i t y of b a r l e y embryos to hydrolyse p r o l y l -
peptides as f a s t as they are absorbed, such t h a t i n t a c t 
peptide never accumulates i n the enflbryo, i s a l s o worthy of 
note. Despite suggestions to the contrary ( s e c t i o n 5.4.4.2), 
barley does contain peptidases capable of c l e a v i n g peptide 
bonds involving p r o l i n e . 
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3.2.3 S p e c i f i c i t y Towards Amino Acid Side Chains 
I t seems u n l i k e l y that the amino acid side chains of 
a peptide w i l l be important i n conferring s p e c i f i c i t y f o r 
transport (section 1.1.3) . I t has already been observed 
that a range of d i - and tripeptides containing a l i p h a t i c 
side chains (alanine, glycine, isoleucine) a l l compete 
fo r the same transport system (section 3.1.3.7). These 
observations are extended here t o cover peptides of 
widely d i f f e r i n g structures. 
3.2.3.1 Results 
At pH. 3.8, most peptides w i l l have no ov e r a l l charge. 
However, peptides containing aspartic acid or glutamic acid 
w i l l tend t o bear a negative charge and peptides containing 
lysine, h i s t i d i n e or arginine residues w i l l be p o s i t i v e . 
Table 3.12 shows th a t a number of these 'charged1 
peptides are absorbed by barley embryos at similar rates t o 
a l l other peptides. Furthermore, t r i a l a n i n e i n h i b i t s the 
uptake of a number of charged peptides (table 3.13). 
Analysis of the medium, using dansyl chloride, endorsed 
these conclusions and showed th a t the disappearance of 
peptide measured with fluorescamine did not simply arise 
from extensive e x t r a c e l l u l a r hydrolysis. 
Table ^.12; Uptake of Peptides Bearing 
a ppalUvg or Negative charge 
Peptide Rate of uptake (jim/e fresh wt./h) 
Glu-Ala 2.8 
Phe-Glu 3-7 
Glu-Lys 3-0 
Gly-Asp 3-3 
Glu-Glu 3.2 
His-Ala 3.5 
Arg-Arg 1.0 
Lys-Lys 2.3 
Ala-His 2.7 
Lys-Ala 3-0 
Uptake of peptide from a 2mM solution was 
monitored using fluorescaaine. Incubations were 
carried out under standard conditions (section 
2.3*1)• Each value i s the average of three separate 
determinations. 
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Table I n h i b i t i o n of the I r • >•<• 
nf 'ChArged' Pantldes bv Trial»r.\re 
Pentide Trialanine Rate of uptake (jim/e fresh wt./h) 
Glu-Glu - 2.6 
Glu-Glu + ND 
Glu-Ala - 2,3 
Glu-Ala + OA 
Ala-His - 2.2 
Ala-His 0-3 
Glu-Lys - 2.2 
Glu-Lys + ND 
Lys-Lys - 1.7 
Lys-Lys ND 
His-Ala - 2.5 
His-Ala + ND 
Lys-Ala - 2.3 
Lys-Ala + 0.3 
Uptake of peptides from a ImM solution, i n the 
presence (+) or absence (-) of 9mM t r i a l a n i n e , was 
monitored using dansyl chloride. Incubations were 
carried out under standard conditions (section 2.3.1). 
Each value i s the average of two separate determinations. 
ND = not detectable 
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3.2.3.2 Dlscuflsion 
The amino acid side chains of peptides seem t o have 
l i t t l e influence on t h e i r a b i l i t y t o be transported by 
barley embryos. I n addition t o peptides containing 
a l i p h a t i c and proline residues (sections 3.1.3.7; 3.2.2; 
3.2.5), peptides containing aromatic (phenylalanine; 
section 3.1.3.7), imidazole ( h i s t i d i n e ) , basic (arginine, 
h i s t i d i n e , lysine) and acidic residues (glutamic and 
aspartic acids) are a l l absorbed at broadly s i m i l a r rates. 
The a b i l i t y of t r i a l a n i n e t o i n h i b i t the uptake of 
representatives of a l l types of peptide, indicates t h a t 
they a l l enter v i a a common system. 
Thus, i t appears that the barley peptide transport 
system has l i t t l e or no s p e c i f i c i t y f o r the amino acid side 
chains of a peptide. No evidence has been obtained t o 
suggest th a t additional system(s) may e x i s t with r e s t r i c t e d 
s p e c i f i c i t y . This i s again similar t o the s i t u a t i o n i n 
bacteria, yeasts and the mammalian inte s t i n e (section 1.1.4.2). 
Despite the a b i l i t y t o handle most, i f not a l l , physio-
l o g i c a l peptides, differences i n t h e i r rate o£ uptake and/or 
competitive a b i l i t y are apparent. I t w i l l not be possible 
to r a t i o n a l i z e these differences u n t i l detailed k i n e t i c 
constants have been obtained. However, glycine homopeptides 
seem t o have a p a r t i c u l a r l y poor a f f i n i t y f o r transport i n 
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barley (section 3.1.3.7; 3.1.4.5) J Indeed, t h i s seems 
to be a general observation f o r other transport systems; 
glycine homopeptides are poor substrates i n E.coli (Payne 
& B e l l , 1979), S. typhimurium (Yang et a l . , 1977), and 
possibly the mammalian gut (see discussion t o Payne, 1977). 
The reason f o r t h i s i s not clear, but i t does serve as a 
warning against basing too general a conclusion on results 
obtained using glycine peptides t o study peptide transport. 
3.2.4 Requirement f o r an g-Peptide Bond 
I f a transport system i s t o d i f f e r e n t i a t e between 
peptides and amino acids, one of the most obvious s t r u c t u r a l 
differences on which discrimination might be based i s the 
peptide bond. 
Substitution of the peptide bond, as i n Gly-Sar and 
Gly-Sar-Sar, does reduce the rate of uptake by barley embryos, 
although a considerable amount of absorption s t i l l takes 
place. Thus, from a 2 mM solution, Gly-Sar and Gly-Sar-Sar 
are absorbed at rates of 7 nn/g/6 h and 3 \xm/g/6 h 
respectively, compared with rates of about 15 jin/g/6 h f o r 
both d i - and t r i g l y c i n e (sections 3.1.3.2; 3.1.3.4). 
This i s similar t o bacteria, yeast and the mammalian gut, i n 
which methylation of the peptide bond leads t o reduced 
rates of uptake and resistance t o peptidase a c t i v i t y 
(section 1.1.1). 
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Dipeptide transport i n E.coli i s apparently specific 
f o r an ct-peptide bond? several peptides containing 
and £-linkages show no a f f i n i t y f o r the transport 
system (Payne, 1972c). Similar observations have been made 
i n Pseudomonas (Cascieri & Mallette, 1976); £>. tvphimurium 
(Yang et a l . , 1977) and Streptococci (Law, 1978), a l b e i t 
with a l i m i t e d number of peptides. I n the mammalian gut 
however, peptides containing ^-linkages may be absorbed, 
though rather slowly. Such peptides are normally r e s i s t a n t 
to hydrolysis (Matthews, 1975). S i m i l a r l y , peptide transport 
i n barley does not seem to have an absolute requirement 
f o r the ct-peptide bond. Table 3.14 shows the rate of uptake 
of a number of peptides containing unusual peptide linkages. 
Although the rate of uptake i s rather lower than that 
achieved by most a-linked peptides (17-23 h ) , i t 
is clear that there i s s t i l l considerable uptake of some of 
these peptides. Despite the l i m i t e d nuttiber of such peptides 
investigated, i t i s int e r e s t i n g t o note t h a t the only 
peptide which shows no detectable uptake i s Ala-e-Lys. I n 
t h i s peptide the backbone i s elongated between the peptide 
bond and the c-terminus ¥ The other three peptides, on the 
other hand, are altered i n the sp a t i a l r e l a t i o n s h i p between 
the bond and the N-terminal amino group. This accords 
with data presented elsewhere which indicates t h a t the 
C-terminus i s more important i n determining transport 
c a p a b i l i t i e s than the N-terminus (sections 3.2.1.3; 
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Table *.lht Uptake of Peptides with 
Unusual Peptide Linkages 
Peptide 
^-Asp-Ala 
j&-Ala-Ala 
Ala-£-Lys 
y-Glu-Ala 
Rate of u p t a k e ^ 
8 
12 
ND 
Ik 
Intact peptide^) 
in the embrvo 
after 6h incubation 
(jim/g fresh wt i 
8 
12 
ND 
ND 
(a) Uptake of peptides from a 2mM solution was 
monitored using fluorescamine. (b) Intact peptide i n 
the embryo was detected with dansyl chloride. Standard 
incubation conditions were employed (section 2.3-D• 
Each value i s the average of two separate determinations. 
ND = not detectable 
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3.2.5.3). 
I t i s also of in t e r e s t t o note that peptides with a 
0- or ^ - peptide linkage have an increased molecular 
distance between the terminal amino and carbaxyl groups, 
yet they are s t i l l absorbed quite r a p i d l y . Thus, an 
exact s p a t i a l relationship between the termini seems 
unimportant, as might be anticipated from the a b i l i t y of 
the peptide transport system t o handle both d i - and o l i g o -
peptides • 
Both /3-Ala-Ala and 0-Asp-Ala are absorbed i n t a c t 
against a concentration gradient. No evidence f o r 
s i g n i f i c a n t hydrolysis was obtained. However, although 
Y-Glu-Ala i s ra p i d l y absorbed from the incubation medium, 
i t does not remain i n t a c t w i t h i n the embryo. Si m i l a r l y , i n 
E.co l i , Y-glutamyl peptides are absorbed and hydrolysed, 
although apparently independently of the peptide permeases 
(Payne, 1972c). I t i s possible t h a t these peptides are 
being transported as a consequence of the v e c t o r i a l 
operation of the ^ -glutamyl cycle (section 1.2.2.1). The 
rapid hydrolysis of y-Glu-Ala at least shows tha t barley 
contains a \£-glutamyl peptidase. This p o s s i b i l i t y c e r t a i n l y 
merits f u r t h e r investigation. 
F i n a l l y , when considering the peptide bond, the chemical 
configuration may be relevant. While most peptides e x i s t 
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predominantly i n the trans form (Marsh & Donohue, 1967), 
peptide bonds i n which the amino group i s provided by 
proline or sarcosine w i l l consist of a mixture of both 
isomers? up t o 50% may be i n the c i s form (Evans & 
Rabenstein, 1974). m view of recent evidence showing t h a t 
certain peptidases may be specific f o r the trans form of 
the peptide bond (Lin & Brandts, 1979), the p o s s i b i l i t y 
that the rate of cis-trans t r a n s i t i o n may l i m i t transport 
i s worthy of consideration, 
3.2.5 Stereochemical Requirements f o r Transport 
The v i r t u a l absence of D-amlno acids i n protein-
derived peptides makes i t highly improbable that a specific 
system f o r D-peptides w i l l e x i s t , at least i n the barley 
scutellum. I n addition, the considerable e f f e c t which a 
D-amino acid w i l l have on the overall 'shape1 of a peptide 
might be expected t o exclude such peptides from the general 
peptide transport system. This feature has been investigated 
i n some d e t a i l i n barley embryos. I n addition, studies 
using D-peptides, the results of which are presented below, 
have provided substantial evidence t h a t a l l peptides are 
absorbed i n t a c t by an active, mediated process (section 
3.1.4.1). 
3.2.5.1 Methods 
Standard dansyl chloride procedures were employed t o 
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monitor peptide disappearance from the incubation medium 
and t o analyse etiibryo extracts. 
3.2.5.2 Results 
The rates of uptake of a v a r i e t y of leucine-containing 
d i - and tripeptides are i l l u s t r a t e d i n figures 3.20 a-c. 
I t i s clear t h a t the presence of a D-amino acid i n a paptide 
can have a pronounced e f f e c t on i t s rate of uptake. A 
similar e f f e c t i s observed f o r analogous series of peptides 
containing valine or alanine ( f i g s . 3.21 & 3.22). 
The influence of a D-amino acid i s i l l u s t r a t e d i n f i g u r e 
3.23. While Gly-Gly-L-Leu disappears from the incubation 
medium over an 8 h incubation period (3.23 a-d) 9 no change 
i n the l e v e l of Gly-Gly-D-Leu i s detectable over a 
corresponding period (3.23 e-h) 
Uptake of the following peptides could not be 
detected by monitoring t h e i r disappearance from the 
incubation medium (1 mM peptide, f o r 8 h) and neither was 
there any increase i n the levels of t h e i r constituent 
amino acids i n the eicbryo: Gly-D-Ala, Gly-D-Leu, 
L-Ala-D-Ala, D-Ala-D-Ala, D-Leu-D-Leu, Gly-Gly-D-Leu 
L-Ala-L-Ala-D-Ala and D-Ala-D-Ala-D-Ala. However, an 
increase i n free valine was detected i n the embryo on 
incubation w i t h L-Val-L-Val-D-Val, corresponding t o a 
rate of uptake of 0.2 urn of the tri p e p t i d e / g fresh wt/h . 
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6 0 2 
Incubation Period (h) 
8 
Figures ^ 2 1 a & uptata vt S t e r o l s o b e r s gf 
PsaUfles c p f l t a i P l n K Alanine ^ 4 v^x-in? 
Uptake was followed by monitoring peptide di s -
appearance from the medium using dansyl chloride. 
Each value i s the average of at least four 
independent experiments. Uptake from a ImM 
solution of the following peptides was studied: 
(a) Stereoisomers of dialanine; LL ( A ) , LD 
(•), DL (•) and DD (•). 
(b) Tripeptides of alanine and valine; 
L-Val-L-Val-L-Val (•), L-Val-L-Val-D-Val 
(•), L-Ala-L-Ala-L-Ala U ) , L-Ala-D-Ala-
L-Ala (•), D-Ala-D-Ala-D-Ala (•), L-Ala-
L-Ala-D-Ala (•), L-Ala-Gly-Gly (•) or 
D-Ala-Gly-Gly ( A ) . 
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Figure ^.22: Uptake of the Stereoisomers 
of PiPeptjldeS Cpntfljning Alanine ?nd Glycine? 
Incubations were c a r r i e d out under standard 
conditions (section 2.3-1) using ImM peptide: 
Gly-L-Ala ( • ) , Gly-D-Ala ( o ) , L-Ala-Gly ( • ) , 
D-Ala-Gly ( • ) . Uptake from the medium was 
monitored using dansyl c h l o r i d e . Values are 
the average of at least two separate deter-
minations. 
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I n t a c t Peptide uptake. Of a l l the peptides examined 
here # only L-Leu-D-Leu could be detected i n t a c t i n embryo 
extracts, reaching a concentration of 2.85 [xra/g fresh wt. 
a f t e r 8 h incubation. Although disappearance of the 
peptide from the medium indicated a rate of uptake of 8 \xm/ 
g fresh wt/8 h, t h i s apparent discrepancy i s accounted f o r by 
the increase i n free leucine levels i n the embryo, 
indicating p a r t i a l hydrolysis of the peptide. 
During incubation with tripeptides containing D-residues, 
no i n t a c t dipeptides were detected i n the incubation medium 
or i n the embryo, which might have arisen as a r e s u l t of 
p a r t i a l hydrolysis of the t r i p e p t i d e (any more than 4% 
hydrolysis of the o r i g i n a l peptide would have been detected). 
Competition f o r Transport. Dialanine uptake was 
reduced by a nine-fold excess of a number of d i - and t r i -
peptides containing both L- and D-amino acids (figure 3.24). 
Certain peptides f a i l e d t o exert any competitive e f f e c t a t 
a 9:1 molar excess and were therefore studied a t higher 
competitor:substrate r a t i o s (figure 3.25). S i m i l a r l y , a 
number of leucine- and alanine- containing peptides were 
shown t o i n h i b i t G l y - I l e uptake ( f i g . 3.26 a & b).The 
intact uptake of Gly-Sar was also i n h i b i t e d by several 
peptides containing both L- and D-amino acid residues 
(table 3.15). 
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Figure ^.25: I n h i b i t i o n of Dlalanine Uptake 
bv High Concentrations of Competing P i - and Trlpeptides 
Uptake of dial a n i n e from a ImM s o l u t i o n 
was followed by monitoring i t s disappearance 
from the medium, using dansyl c h l o r i d e . 
Incubations were c a r r i e d out under standard 
conditions (section 2.3*1) i n the absence of 
any competitor ( • ) , and i n the presence of 
lf5mM Gly-D-Leu ( • ) , *+5mM Gly-Gly-D-Leu ( • ) , 
22.5mM L-Leu-D-Leu ( A ) or 22.5mM D-Leu-D-Leu 
( • ) . Each value i s the average of at leas t 
two separate determinations. 
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Figures ^.26a & b: I n h i b i t i o n of G l y - I I e Uptake 
by Stereoisomers of various Peptides 
Uptake of G l y - I I e from a ImM s o l u t i o n was monitored 
using dansyl c h l o r i d e . Incubations were c a r r i e d out 
under standard conditions ( s e c t i o n 2.3*1)• A l l compet-
i t o r s were at 9niM. Each value i s the average of at lea s t 
two separate determinations. Uptake was studied i n the 
absence of a competitor (•) and i n the presence o f : 
(a) Gly-Gly- D-Leu U ) , Gly-Gly-L-Leu U ) . 
D-Leu-Gly-Gly (•) or L-Leu-Gly-Gly (•;. 
(b) D-Ala-D-Ala-D-Ala ( • ) , L-Ala-L-Ala-L-Ala 
( o ) , Gly-D-Ala ( • ) , Gly-L-Ala ( • ) , 
D-Ala-Gly U ) or L-Ala-Gly ( • ) . 
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Table 3.15: I n h i b i t i o n of Gly-Sar Uptake by 
various Peptides Containing L- and D-residues 
Com^el^g peptj.de 
I n h i b i t ^ of 
{%) 
L-Leu-L-Leu 9k 
D-Leu-L-Leu 93 
L-Leu-D-Leu 8h 
Gly-L-Asn 77 
Gly-Gly-L-Leu 7h 
D-Leu-D-Leu 35 
Gly-Gly-D~Leu 2 
Incubations were c a r r i e d out under standard con-
d i t i o n s ( s e c t i o n 2.3*1) f o r 6h i n 2mM Gly-Sar, w i t h the 
competing peptide at 8mM. Gly-Sar uptake was determined 
by i t s i n t a c t accumulation i n the embryo. 100$ uptake 
of Gly-Sar was 6.6 |im/g fr e s h wt,/6h. Each value i s 
the average of at least two separate determinations. 
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3.2.5.3 Discussion 
I t i s apparent from the above re s u l t s t h a t peptides 
containing a D-amino acid are handled very poorly by the 
barley peptide transport system # compared with peptides 
composed solely of L-amino acid residues. A si m i l a r 
conclusion has been arrived at f o r peptide transport i n 
various bacteria (E.coli: Levine & Simmonds, 1962? Becker 
& Nfcider, 1974? Allen et a l . , 1978? Payne, unpublished 
re s u l t s . S. typhitmirium: Yang et al.# 1977. Pseudomonads; 
Shankman et a l . , 1962? Cascieri & Mallette, 1976. 
Streptococci; Kihara et a l . , 1961? Law, 1978. L a c t o b a c i l l i ; 
Yoder et a l . , 1965), yeasts ( L i c h l i t e r et a l . , 1976? Becker 
& Naider, 1977), and the mammalian gut (Asatoor e t a l . , 1973? 
Matthews, 1975). Many early reports f o r both bacteria and 
mavomalian tissues indicated that the requirement f o r 
L-isomera was absolute, although the advent of more 
sensitive fluorescence techniques has led t o the r e a l i z a t i o n 
that certain peptides containing D-amino acids can enter 
various c e l l s (J.W. Payne, unpublished r e s u l t s ) . S i m i l a r l y , 
application of the sensitive dansyl-detection technique 
shows that i n barley few, i f any, peptides are actu a l l y 
excluded• 
Good agreement i s found between the rate of peptide 
uptake by barley embryos and t h e i r r e l a t i v e a b i l i t i e s t o 
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compete f o r transport. As competitive a b i l i t y i s normally 
considered as r e f l e c t i n g a f f i n i t y f o r a transport s i t e , i t 
appears that the reduced rates of uptake of D-peptides are 
a r e s u l t of t h e i r decreased a f f i n i t y f o r a transport s i t e , 
rather than a lower rate of translocation across the 
membrane. Furthermore, t h i s agreement implies that there 
i s not only competition f o r binding but competition f o r 
transport i t s e l f , making i t l i k e l y that any peptide 
containing a D-amino acid which can bind at the transport 
s i t e w i l l also undergo transport* A similar argument also 
applies t o other studies on the s t r u c t u r a l requirements 
for peptide transport* 
The position of a D-amino acid i n the peptide chain 
i s important i n determining the ef f i c i e n c y with which i t i s 
taken up by barley; t h i s presumably r e f l e c t s the substrate 
binding s p e c i f i c i t y of the transport s i t e . Thus, f o r both 
d i - and t r i p e p t i d e s , s u b s t i t u t i o n of a D- f o r an L-residue 
at the C-terminus reduces peptide transport t o a greater 
extent than a similar change at the N-terminus. The 
presence of more than one D-amino acid residue reduces 
uptake s t i l l f u r t h e r . This feature i s w e l l i l l u s t r a t e d by 
the dileucine series: LL and DL have comparable rates of 
uptake (although the l a t t e r shows a poorer competitive 
a b i l i t y ) , uptake of LD i s about 50% lower and uptake of DD 
- ?ok -
i s undetectable. Similar results are obtained f o r analogous 
series of d i - and tripeptides containing glycine, leucine, 
alanine and va l i n e . 
The e f f e c t of positional s u b s t i t u t i o n of a D-residue 
has only r a r e l y been studied systematically i n other 
organisms. Similar positional effects to those described 
here f o r barley have been reported f o r dialanine accumulation 
by Streptococcus faecalis (Kihara et a l . , 1961) and dialanine 
uptake by r a t jejunum (Asatoor et a l . , 1973). For t r i -
peptides, the positional e f f e c t of a D-amino acid i s 
variable, depending upon the organism involved. I n the 
bacterium, E.coli (Becker & Naider, 1974), and the yeast, 
S. cerevisiae (Becker & Naider, 1977), the LLD form of a 
trip e p t i d e i s apparently taken up more readil y than 
r 
corresponding isomers with the D-residue nearer the N-terminus. 
In contrast, Candida albicans exhibits similar stereospecific 
requirements t o barley; DLL-trimethionine may be u t i l i z e d , 
While LLD i s excluded ( L i c h l i t e r et a l . , 1976). These 
d i f f e r i n g t r i p e p t i d e s p e c i f i c i t i e s may be explained on the 
basis of other s t r u c t u r a l requirements f o r transport 
(Payne, 1972c) . OJhus, the LLL and LLD isomers of a t r i -
peptide may be superimposed, except f o r the terminal carboxyl 
group which i s not essential f o r transport i n either E.coli 
(Payne & Gilvarg, 1968a) or S. cerevisiae (Marder et a l . , 
1977). S i m i l a r l y , comparison of the LLL and DLL isomers 
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shows that here the a-amino group i s out of alignment. 
This group i s essential f o r peptide transport i n E.coli 
(Payne, 1971a) and also seems to assume some importance i n 
S. cerevisiae (Harder et al.# 1977; Becker & Naider, 1979). 
Thus, the DLL isomer might be expected t o show a lower 
a f f i n i t y f o r the peptide binding s i t e . I n Candida, which 
apparently exhibits opposite requirements i n r e l a t i o n t o 
positional s t e r e o s p e c i f i c i t y , an analogous explanation may 
be invoked; the s t r u c t u r a l requirements f o r peptide 
transport by t h i s yeast are correspondingly d i f f e r e n t , w ith 
the N-terminal cc-amino group being unimportant and the 
Oterminal carboxyl group being essential. Thus, by 
analogy, i t might be expected that i n barley the terminal 
carboxyl group of a peptide w i l l be more important than the 
terminal amino group i n determining transport c a p a b i l i t i e s . 
This prediction i s at least p a r t l y borne out experimentally 
(sections 3.2.1; 3.2.4). 
Assuming th a t i n h i b i t i o n of transport r e f l e c t s 
competition f o r a transport s i t e (section 3.1.4.4), the 
present results provide further support f o r the view t h a t 
only a single transport system operates i n barley, capable 
of handling both d i - and t r i p e p t i d e s . I n addition, i t i s 
clear that those peptides containing D-amino acids which 
are absorbed by barley embryos enter through the general 
206 
peptide transport system and not a system specific f o r 
D-peptides. 
- 207 
3.3 Energy Supply and Membrane Permeability 
Barley embryos contain a considerable pool of free 
amino acids. During incubation, a c e r t a i n proportion of 
t h i s pool leaks out i n t o the external medium (section 
3.1.3.5). Both the composition of the pool, and the 
proportion which undergoes exodus, are dependent upon the 
conditions of germination and incubation. This seems t o be 
the r e s u l t of changes i n membrane permeability which may 
have an important bearing on the mechanism by which peptide 
transport i s energized. 
3.3.1 Methods 
Dansyl chloride was used t o assay the free amino acids 
i n the incubation medium and i n barley embryo extracts. The 
use of i n h i b i t o r s has been described previously (section 
3.1.2.4). 
3.3.2 Results 
3.3.2.1 The Free Amino Acid Pool of Barley Embryos 
Table 3.16 shows the free amino acid pool of barley 
embryos germinated f o r 24 h under two sets of conditions, 
i n water (the standard procedure employed throughout t h i s 
study), or i n a spray room,exposed to the atmosphere. 
Although the overall composition of the amino acid pool i s 
similar i n both cases, the levels of two amino acids, 
alanine and v-aminobutyric acid, are considerably 
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Table ^.16: Free Amino Acid Pool of Barley Embryos 
Germinated Under D i f f e r e n t Conditions 
Gly 
Ala 
Glu/Gln 
Asp/Asn 
Ser 
Thr 
Leu 
H e 
Pro 
Val 
GAB 
Lys 
Phe 
His 
Tyr 
Met 
Arg 
E 
F 
G 
Others 
Amj.no acids (um/g fresh y t T ? 
Water (a) 
1.2 
30.0 
8.9 
1.6 
2.2 
0.7 
1.7 
l . l 
5.7 
3.0 
k.8 
1.2 
0.8 
1.3 
1.0 
Q.h 
1.5 
0.9 
3.0 
1.9 
<0.2 
Weight of 20 embryos 162 mg 
Steam Room^ 
l.k 
3.0 
8A 
1.2 
1.1 
0.6 
1.6 
1.0 
6.1 
2.6 
1.1 
1.5 
0.8 
1.1 
0.8 
0.2 
1.7 
1.1 
3.3 
1.8 
<0.2 
205 mg 
Seeds were germinated f o r 2^h (a) i n water at 25°C or (b) 
on polythene granules i n a steam room at 28°C ( s e c t i o n 2.3.I). 
£cbryos were extracted and the amino acid pool analysed using 
dansyl c h l o r i d e . Each set of data i s the average of four 
separate extractions of six embryos each. Substances E»F. and G are unknown dansyl-reactive compounds (see appendix 2). 
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higher i n the embryos of grains germinated i n water. 
Eiribryos from the grains germinated i n water also weigh 
rather less. I t seems almost c e r t a i n that both these 
effects are the r e s u l t of oxygen l i m i t a t i o n i n the water-
germinated seeds. A continual supply of oxygen throughout 
the germination of seeds i n water substantially reduced 
the amounts of alanine and GAB and increased the embryo 
weights. Besides, similar changes i n the amino acid pools 
of many plant tissues,under anaerobic conditions, have 
often been reported (see Discussion). 
The composition of the amino acid pool was f a i r l y 
s imilar i n the various organs of the embryo (shoot, root 
and scutellum), although the concentrations ( i n terms of 
nm/g fresh wt.) were generally a l i t t l e greater i n the 
scutellum (table 3.17). However, two amino acids did 
vary i n t h e i r d i s t r i b u t i o n w i t h i n the embryo. Proline was 
primarily located i n the scutellum, while GAB was abundant 
i n the scutellum and p a r t i c u l a r l y the roots, yet only 
present i n small amounts i n the shoots (a similar d i s t r i b u t i o n 
of GAB i n barley embryos has been reported elsewhere; 
Inatomi & Slaughter, 1971). 
3.3.2.2 Amino Acid Exodus 
Over an 8 h incubation period, 20 - 30% of the eiribryo 
amino acids are l o s t t o the medium (table 3.18). However, 
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Table 3 t l 7 ; Free A^ing Acid Pools 
of SwfrrYp Tissues 
Amino Acids (u m/e ti s s u e f r e s h wt.) 
Whole. Roots Shoots .gcutellum 
Gly 1.0 0.8 0.6 1.8 
Glu 3-6 6.0 5.6 
Ser i.k 1.2 l.>+ 2.0 
Leu 0.9 0.8 0.8 l.h 
H e 0.8 0.6 0.7 0.8 
Pro 3-8 1.8 1.9 6.8 
Val 2.1 2.0 2.0 2A 
GAB 5.9 7.8 1.1 6.0 
Phe 0.5 O.k 0.3 0.7 
His 0.9 0.5 0.6 0-9 
Others not determined 
Embryos, from grains germinated f o r 2*fh, were incubated 
f o r 8h under standard conditions ( s e c t i o n 2.3-D and the 
amino acids i n whole embryos or the separated tissues 
determined using dansyl c h l o r i d e . Each value i s the average 
of two separate determinations• 
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Tnble ^.18: Amino Acid Exodus from B a r l e y Embryos 
Amino Acids (ym/z f r e s h wt.) 
Oh 8h 
Embryo Tota l Medium Embrvo T o t 9 i 
Gly 0 1.2 1.2 O.k 0.9 1.3 
Ala 0 30.0 30.0 8.0 19.0 27.0 
Glu/Gln 0 8.9 8.9 1.8 k.8 6.6 
Asp/Asn 0 1.6 1.6 0.3 0.7 1.0 
Ser 0 2.2 2.2 0.9 1.7 2.6 
Leu 0 1.7 1.7 0.5 1.0 1.5 
l i e 0 1.1 1.1 O.k 0.8 1.2 
Pro 0 5.7 5.7 2 A 2.9 5-3 
Val 0 3-0 3-0 0.6 3.1 3.7 
GAB . 0 if.8 5.8 5A 11.2 
Lys 0 1.2 1.2 0.2 0.9 1.1 
Phe 0 0.8 0.8 0.2 0.6 0.8 
His 0 1.3 1.3 0.2 1.2 l.k 
Others not determined not determined 
2*+h barley embryos were incubated f o r Oh or 8h i n 1 ml 
of 50mM sodium phosphate:citric acid b u f f e r , pH 3.8 ( s i x 
embryos per ml of medium). The amino acids i n embryo 
extracts and i n the medium were determined using dansyl 
c h l o r i d e . Each set of data i s the average of four separate 
determinations. 
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as the r e l a t i v e volumes of the medium and embryo are about 
20:1, a gradient of 50:1 i n favour of the embryo i s s t i l l 
maintained. There seems t o be l i t t l e or no s e l e c t i v i t y i n 
the release of amino acids t o the medium. However, while 
the t o t a l amount of most amino acids remains f a i r l y constant 
during incubation (eirfbryo plus medium), there i s a marked 
increase i n the ov e r a l l l e v e l of GAB. 
3.3.2.3 Effect of pH on Exodus 
The pH of the incubation medium has l i t t l e e f f e c t on 
amino acid exodus (except i n acetate b u f f e r ; section 3.3.2.6), 
although an e f f e c t on the composition of the amino acid pool 
i s observed (table 3.19). While most amino acids remain at 
a r e l a t i v e l y constant lev e l ( i n the embryo plus the medium), 
regardless of the pH at which the embryos are incubated, the 
t o t a l amount of GAB increases markedly as the medium pH i s 
lowered from pH 8 t o pH 3. Over the same pH range there i s 
a corresponding decrease i n the amount of both glutamic acid 
and aspartic acid. Most of the additional GAB present at 
low pH, and glutamic acid and aspartic acid at high pH, i s 
found i n the medium; the pool size w i t h i n the eirfbryo 
remains r e l a t i v e l y constant. 
3.3.2.4 Effect of Metabolic I n h i b i t o r s on Exodus 
Metabolic i n h i b i t o r s a f f e c t both the composition of the 
embryo amino acid pool and exodus i n t o the incubation medium 
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(table 3.20). Thus, CCCP, azide and DNP a l l increase amino 
acid exodus r e l a t i v e to the buffer c o n t r o l . I n 0.3 mM DNP, 
exodus i s such that over an 8 h incubation period, 
e q u i l i b r a t i o n across the membrane occurs (table 3.21; see 
a l s o s e c t i o n 4.3.3). Further evidence that DNP allows 
e q u i l i b r a t i o n across the membrane i s provided by i t s e f f e c t s 
on the i n t a c t uptake of p h y s i o l o g i c a l peptides. I n the 
absence of DNP, p h y s i o l o g i c a l peptides do not accumulate 
i n t a c t w i t h i n the embryo. However, i n the presence of 
0.3 mM DNP, i n t a c t peptides are accumulated w i t h i n the 
etribryo to the same concentration as they are supplied 
e x t r a c e l l u l a r l y ( s e c t i o n 4.3.3? see a l s o s e c t i o n 4.4.3). 
I n t e r e s t i n g l y , DNP does not promote the i n t a c t accumulation 
of D-peptides. 
The t o t a l amount of most amino acids ( i n the embryo 
plus medium) remains unaffected by the presence of these 
i n h i b i t o r s . However, each i n h i b i t o r causes a large 
increase i n the l e v e l of GAB and a corresponding decrease 
i n both glutamic and a s p a r t i c a c i d . 
3.3.2.5 E f f e c t of Acetate on Peptide Transport 
Acetate ions seem to have a s i m i l a r e f f e c t on b a r l e y 
embryos as anaerobiosis and the various metabolic i n h i b i t o r s 
employed above (DNP, azide, e t c . ) . Thus, the uptake of 
physiological peptides cannot be detected i f the sodium 
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Table 3.21; Concentration of Amino Acids i n 
Thft Embryo and Medium a f t e r Incubation w i t h DNP 
Buffer a lop? Buffer + O.^ mM DNP 
Medium Efflpryo Medium 
Gly 0.02 0.88 0.05 0.10 
Ala o.Wo 19.00 1.32 2.10 
Glu 0.23 5.80 0.11 0.10 
Asp 0.06 1.90 0.06 0.05 
Leu 0.02 1.00 0.08 0.10 
H e 0.02 0.80 0.06 0.05 
Pro 0.12 2.80 0.31 oA5 
Val 0.32 3.10 0.16 0.20 
GAB 0.29 5A0 0.75 0.63 
Lys 0.01 0.90 0.07 0.10 
Phe 0.01 0.60 0.03 0.05 
His 0.01 1.20 0.05 0.05 
Others not determined not determined 
Amino acid concentrations i n the medium are expressed 
as um/ml, and i n the embryo as /im/g f r e s h wt. Embryos were 
incubated f o r 8h under standard conditions (6 embryos/ml 
medium) (sec t i o n 2.3.1) and the lev e l s of amino acids i n 
the embryos and medium determined using dansyl c h l o r i d e . 
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phosphate:citric a c i d buffer i s replaced by acetate 
buffer a t the same pH (metabolic i n h i b i t o r s a l s o prevent peptide 
uptake, s e c t i o n 3.1.3.10). S i m i l a r l y , acetate buffer 
considerably reduces the amount of Gly-Sar uptake by b a r l e y 
embryos ( f i g . 3.27; table 3.22; see a l s o t a b l e s 3.23 and 
3.24). This i n h i b i t o r y e f f e c t i s dependent upon the 
acetate concentration, but not the counterion ( f i g . 3.27). 
3.3.2.6 E f f e c t of Acetate on Amino Acid Exodus 
5 mM acetate has l i t t l e e f f e c t on amino a c i d exodus 
(table 3.20). However, a t higher external concentrations, 
acetate causes a considerable l o s s of amino acids from the 
embryo. This e f f e c t i s strongly influenced by pH (table 
3.23). 
Figure 3.28 a l s o i l l u s t r a t e s the e f f e c t of acetate 
on the amino aci d pool. Thus, although the fluorescence 
i n t e n s i t y of the ornithine standard i s s i m i l a r i n f i g u r e s 
3.28a£b ( i n d i c a t i n g uniform e x t r a c t i o n and dans y l a t i o n ) , 
the presence of acetate i n the incubation medium ( f i g . 
3.28b) reduces the l e v e l of a l l other amino a c i d s . For 
most amino acids t h i s l o s s i s the r e s u l t of exodus; amounts 
recovered i n the incubation medium complement those l o s t 
from the embryo (table 3.24). However, t a b l e s 3.23 and 
3.24 both show that, as for recognised metabolic i n h i b i t o r s 
(table 3.20), acetate causes an o v e r a l l reduction i n the 
i 
1 
' 
t 
N a X K+ Na+ NaTKt K+ Na+ Na7KT K+ Na+ NaVKT K+ 
! Phosphate 
50mM 
Acetate 
50mM 
Phosphate 
10mM 
Acetate 
10mM 
Buffer Composition 
Figure V27: Effect of Acetate 
Gly-Sar uptake from a 20mM 
so l u t i o n was monitored by 
embryo e x t r a c t i o n . Incuba-
ti o n s were c a r r i e d out at 
pH 5-8 f o r 6h. Each value 
i s the average of two 
separate determinations. 
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Table ^.22: Effect of .Acetate Buffer 
on Glv-Sar Uptake 
Glv-Sar uctake 
(ym/g f r e ^ h wt./6h) 
Buffer DH 
Acetate bu f f e r PhosDhatetcitric acid 
(50WM) buffer (50mM)., 
3-8 0.8 7-0 
k,k 0.5 W.O 
5.2 0.3 2 A 
5.8 0.1 1.8 
I n t a c t uptake of Gly-Sar from a 2mM s o l u t i o n was 
monitored by embryo e x t r a c t i o n . Incubations were f o r 
6h i n the appropriate b u f f e r . Each value i s the average 
of az least two separate determinations. 
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Table ^.2^: E f f e c t of Acetate on the Amino Acid 
Pool, ot Barley Qpbryps at V a r i e s pH Values 
Buffer ions Acet? •tte Phosphate 
pH of incubation 
medium 3-6 i+.o >f,6 5.2 5. 8 5.8 
Gly-Sar 5-0 3-8 2.6 1.8 1. 8 13.0 
Gly 0 0 0.3 0.8 2. 0 2.0 
Ala 0 0.2 1.3 9.2 11. 5 Ik.l 
Glu 0 0 0 0.8 2. 9 k.5 
Asp 0 0 0 0.5 0. 8 0.5 
Leu/Ile 0 0 0 0.5 1. 3 1.0 
Pro/GAB 0 0 0.3 k.7 6. 3 2.0 
Val 0 0 0 1.2 1. 5 1.5 
Lys 0 0 0 1.2 1. 5 1.5 
Others not determined 
Values are expressed as jjmole of amino acid/peptide 
per g of embryo ( f r e s h w t . ) . Embryos, from grains germinated 
f o r 2Vh, were incubated f o r 6h i n 50mM b u f f e r containing 
20mM Gly-Sar. The composition of the amino acid pool was 
determined by embryo e x t r a c t i o n . Each value i s the average 
of at least two separate determinations. 
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Figures ^.28a-c: Exodus of Amino Acids 
frpff BgrlSY Embryos j n Acetate 
Developed chrojaatograms of dansylated 
barley extracts photographed under UV 
l i g h t . Embryos were incubated f o r 6h 
i n 2mM Gly-Sar as f o l l o w s : 
(A) 50mM sodium phosphatetcitric acid 
b u f f e r , pH 3.8. 
(B) 50mM sodium acetate b u f f e r , pH 3.8. 
(C) Diagram showing the locations of 
some of the dansylated d e r i v a t i v e s : 
a) Gly-Sar, b) alanine, c) dansyl-
ammonia, d; g l y c i n e , e; glutamic acid, 
f ) aspartic acid, g) dansyl-hydroxide, 
h) serine, i ) proline/GAB, j ) v a l i n e , 
k) o r n i t h i n e , D l y s i n e . 
h o>f 
<s=> 
© 
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l e v e l s of glutamic and a s p a r t i c acids and a corresponding 
increase i n GAB. 
• 3.3.2.7 E f f e c t of Metabolic I n h i b i t o r s on Embryo Weight 
Incubation of bar l e y embryos with metabolic i n h i b i t o r s 
causes a reduction i n embryo weight, compared with 
incubation i n buffer alone (table 3.25). The g r e a t e s t 
reduction i n weight i s seen with those i n h i b i t o r s which 
produce the greatest amino a c i d exodus. For example, acetate 
only causes a reduction i n embryo weight a t low £H; l i k e -
wise, amino a c i d exodus i s only promoted by acetate a t low 
pH. However, these two e f f e c t s do not seem to be d i r e c t l y 
r e l a t e d . The proportion of amino acids l o s t to the medium 
i s often very much greater than the percentage decrease i n 
embryo weight. 
3.3.3 Discussion 
The r e s u l t s presented above in d i c a t e that anaerobiosis, 
acetate #and a range of metabolic i n h i b i t o r s a l l exert a 
number of s i m i l a r e f f e c t s on b a r l e y embryos: a reduction 
i n embryo weight, the i n h i b i t i o n of peptide uptake, an 
increase i n amino a c i d exodus, and the synthesis of GAB 
(with a corresponding decrease i n the pool of glutamic a c i d ) . 
I t seems probable tha t a l l these e f f e c t s are the secondary 
r e s u l t s of int e r f e r e n c e with a s i n g l e , primary process. 
The most l i k e l y candidate for t h i s primary process seems to 
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Table ^..25; Eff e c t of Metabolic I n h i b i t o r s 
on Embryo Weight 
Buffer I n h i b i t o r £H Weieht of twelve 
.(50BM) embrvos (me) 
Phosph8te:citric acid - 3-8 96.6 
Phosphate:citric acid 5mM acetate 3-8 99.2 
Phosphatetcitric a c i d 1.5&M azide 3.8 77.8 
Phosphate:citric acid 0.15mM DNP 3-8 82. h 
Phosphate:citric acid 0.3mM DNP 3.8 79.8 
Phosphate:citric acid Nitrogen (anoxia) 3.8 83.8 
Acetate - 3-6 72.6 
Acetate - >f.Q 76.8 
Acetate - k.6 85.h 
Acetate - 5.2 95.3 
Acetate - 5.8 103 A 
Embryos, from grains germinated for 2^h, were incubated 
for 8h i n the appropriate buffer and blotted dry p r i o r to 
weighing. 
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be the production/maintenance of a proton gradient across 
the plasmalemma. 
For s e v e r a l years i t has been known that s u b s t a n t i a l 
q u a n t i t i e s of H + ions may be absorbed or excreted across 
plant c e l l membranes. Many r o l e s for such fluxes have been 
postulated, including r e g u l a t i o n of i n t r a c e l l u l a r pH, 
morphogenetic responses to hormones, stomatal and other 
plant movements, photosynthetic phosphorylation and 
metabolite transport. Proton movement i s dependent upon a 
supply of metabolic energy. Thus, the production of a 
proton gradient across the plasmalemma can be i n h i b i t e d by 
anaerobiosis and metabolic i n h i b i t o r s (see Smith & Raven, 
1974, 1976; Raven & Smith, 1977, for general r e v i e w s ) . 
Indeed, i t seems that some of the i n h i b i t o r s employed here 
(the uncouplers DNP and CCCP) a c t u a l l y exert t h e i r i n h i b i t o r y 
e f f e c t s by i n c r e a s i n g the permeability of c e l l membranes to 
protons, at l e a s t i n b a c t e r i a l and animal systems (Hopfer 
et a l . , 1968; Green* 1977; K e s s l e r e t a l . , 1977). There i s 
also a c e r t a i n amount of evidence that i n plant c e l l s too, 
the primary e f f e c t of both DNP and CCCP i s to increase the 
permeability of the plasraalemma to protons (Humphreys, 1975; 
F e l l e <Sc Bentrup, 1977; Dejaegere & Neirinckx, 1978). 
3.3.3.1 I n h i b i t o r y Properties of Acetate 
While acetate i s not generally recognised as a metabolic 
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i n h i b i t o r , i t c l e a r l y has a s i m i l a r e f f e c t on barley 
embryos to that achieved with anaerobiosis or i n h i b i t o r s of 
el e c t r o n transport and oxidative phosphorylation. 
Acetate has long been known to i n t e r f e r e with 
b a c t e r i a l and fungal growth (Hobson, 1969). I n h i b i t o r y 
e f f e c t s on transport processes have a l s o been reported; f or 
example, the uptake of sugars i n S. c e r e v i s i a e (Okada & 
Halvorson, 1964), amino acids i n E h r l i c h c e l l s (Garcia-
Sancho et a l . f 1977a) and K + i n C h l o r e l l a (Tromballa, 1978). 
These i n h i b i t o r y properties (and s i m i l a r properties of other 
weak acids) are apparent only a t low pH values, below the 
pK of the carboxyl group, implying that i t i s the 
undisisociated species that i s important (Simon & 
Beevers, 1952; Hentges, 1967). I t has been proposed 
that i n h i b i t i o n a r i s e s from an 'uncoupling 1 e f f e c t , the 
undissociated a c e t i c a c i d molecule (CH3-COO~H+) conducting protons 
across the cytoplasmic membrane (Hueting & Tempest, 1977a,b). 
In barley, acetate appears to act i n a s i m i l a r manner. 
Thus, the acetate-promoted r e l e a s e of pool amino acids i s 
pH-dependent, s i g n i f i c a n t r e l e a s e only occurring below pH 
4.6 and being b a r e l y detectable above pH 5.0. As the pK 
of a c e t i c a c i d i s 4.8, i t appears that amino acid exodus 
i s promoted by the undissociated form of the molecule. At 
higher pH values, l i t t l e or no amino a c i d exodus i s apparent, 
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although peptide transport i s s t i l l i n h i b i t e d . However, 
t h i s i n h i b i t i o n i s only observed a t high acetate 
concentrations a t which the amount of the undissociated 
species i s correspondingly high. 
Thus, i t seems highly l i k e l y that the primary e f f e c t 
of acetate on b a r l e y embryos i s the di s r u p t i o n of a proton/ 
electrochemical gradient. This view i s substantiated by 
two add i t i o n a l l i n e s of evidence: 
( i ) Acetate a f f e c t s b a r l e y embryos i n a s i m i l a r manner to 
anaerobiosis and various metabolic i n h i b i t o r s . I t i s 
generally accepted that one of the main e f f e c t s of 
i n h i b i t i n g aerobic r e s p i r a t i o n i n plant c e l l s i s the 
breakdown of proton gradients. 
( i i ) The observed e f f e c t s of acetate on barley embryos 
(e.g. amino a c i d exodus, GAB synthesis) could a l l a r i s e 
as the secondary r e s u l t s of the disr u p t i o n of a proton 
gradient (see below). 
3.3.3.2 Amino Acid Exodus 
During incubation of bar l e y embryos, amino acids leak 
into the medium. This leakage i s increased by metabolic 
i n h i b i t o r s u n t i l i n some cases over 95% of the amino aci d s 
are l o s t from the embryo and e q u i l i b r a t i o n occurs across the 
c e l l membrane. Further evidence that e q u i l i b r a t i o n occurs 
i s provided by the i n t a c t accumulation of p h y s i o l o g i c a l 
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peptides i n the presence of DNP ( s e c t i o n 3.3*2.4) and the 
e f f e c t s of DNP on the uptake of N-methylated peptides (see 
sec t i o n 4.4.3). 
I t has been known for s e v e r a l years that aerobic 
r e s p i r a t i o n i s e s s e n t i a l for the maintenance of plant c e l l 
membrane i n t e g r i t y (Handley & Overstreet, 1963). 
Anaerobiosis and metabolic i n h i b i t o r s r a p i d l y cause a 
general increase i n the leakage of ions, amino a c i d s and 
sugars from plant c e l l s (Robertson e t a l . , 1951? Marschner 
& Mengel, 1966; Marschner est a l . , 1966; H i a t t & Lowe, 
1967; Smirnova e t a l . , 1968; Humphreys, 1977). This 
2+ 
leakage can be prevented by Ca ions (Rains e t a l . , 1964; 
Marschner & Mengel, 1966; Smith, 1978). 
As y e t ; t h e p r e c i s e nature of t h i s increase i n 
permeability i s not known. I t i s possible that the general 
disruption of membrane st r u c t u r e allows leakage through 
'holes' i n the membrane (Marschner e t a l . , 1966). The 
2+ 
reduction of leakage by Ca ions has been used i n support 
2+ 
of t h i s idea; Ca ions may s t a b i l i z e membrane s t r u c t u r e . 
A l t e r n a t i v e l y , removal of an energy supply may permit 
s p e c i f i c transport systems to operate p a s s i v e l y , allowing 
substances to leave the c e l l down an electrochemical 
gradient. Evidence obtained i n b a r l e y supports t h i s l a t t e r 
view. Leakage promoted by DNP i s s t e r e o s p e c i f i c , 
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i n d i c a t i n g that a carrier--mediated process i s involved, rather 
than exodus occurring as a r e s u l t of a non-specific increase 
i n membrane permeability ( s e c t i o n 4.3.3). 
I t therefore seems f e a s i b l e that the amino a c i d leakage 
observed could be passive, mediated exodus occurring as a 
r e s u l t of the d i s r u p t i o n of a proton gradient. E x t e r n a l pH 
changes are known to a f f e c t leakage from plant c e l l s 
(Rains _et a l . , 1964; Marschner et a l . , 1966; H i a t t & Lowe, 
1967) . I n addition, there has r e c e n t l y been a p r o l i f e r a t i o n 
of reports i n d i c a t i n g that the transport of organic solutes 
by plant c e l l s may be energized by a H +-symport mechanism, 
according to the chemiosmotic theory of M i t c h e l l (1976) 
(section 3.3.3.5). These systems may operate p a s s i v e l y 
i n the absence of a proton gradient, allowing t h e i r substrates 
to leave the c e l l down an electrochemical gradient. The 
2+ 
a b i l i t y of Ca ions to prevent exodus may be explained by 
the stimulatory e f f e c t s these ions are known to have on 
plant membrane-bound ATPases (Hodges, 1976). These ATPases 
are believed to be responsible for the a c t i v e extrusion of 
+ 2+ . . . H ions. Thus, Ca ions may maintaxn membrane i n t e g r i t y 
by stimulating the production of a proton gradient across 
the plasmalemma. 
3.3.3.3 Amino Acid Metabolism: GAB Synthesis 
The composition of the endogenous amino aci d pool of 
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barle y embryos i s r e l a t i v e l y constant, regardless of the 
conditions to which the embryos are subjected. However, 
under c e r t a i n conditions, rather large f l u c t u a t i o n s i n the 
r e l a t i v e amounts of one or two amino acids become apparent. 
Embryos from grains germinated under conditions of 
oxygen l i m i t a t i o n (under water) have g r e a t l y increased 
l e v e l s of two amino a c i d s , GAB and a l a n i n e . S i m i l a r l y , 
during incubation of embryos with a v a r i e t y of metabolic 
i n h i b i t o r s , the l e v e l of GAB increases while glutamic a c i d 
and a s p a r t i c a c i d both decrease. Any increase i n alanine 
that may be caused by the metabolic i n h i b i t o r s w i l l be 
masked by the high l e v e l s of alanine already present i n the 
embryo. 
I t has often been reported that anaerobic conditions 
lead to an increase i n alanine and GAB i n plant t i s s u e s , a t 
the expense of a s p a r t i c acid and glutamic a c i d r e s p e c t i v e l y 
(Naylor & Tolbert, 1956; Dixon & Powden, 1961? Thompson 
et a l . , 1966; E f f e r & Ranson, 1967; Guinn & Brinkerhoff, 
1970; S t r e e t e r & Thompson, 1972a). However, i t seems 
possible that the reported increases i n alanine were 
actually 0-alanine. C e r t a i n l y t h i s may be the case i n the 
present study; alanine and /3-alanine are inseparable by 
the chromatographic procedures employed here. I t i s 
d i f f i c u l t to explain how a-alanine i s synthesised at the 
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expense of a s p a r t i c a c i d (see for example S t r e e t e r & 
Thompson, 1972a). However, /3-alanine can a r i s e from 
a s p a r t i c a c i d by simple a-decarboxylation i n an e x a c t l y 
analogous fashion to the production of GAB from glutamic 
a c i d . Aspartate decarboxylase i s found i n many b a c t e r i a 
and animal t i s s u e s and i s generally a c t i v e under the same 
conditions as glutamate decarboxylase (Najjar, 1955? 
Utter, 1961). I n addition, i t has been reported tha t 
3-alanine does accumulate i n plant t i s s u e s under anaerobic 
conditions ( M i f l i n & Lea, 1977). 
Evidence obtained i n b a r l e y i n d i c a t e s that proton 
movements may a l s o be responsible for decarboxylations. 
Thus, acetate promotes GAB synthesis ( p a r t i c u l a r l y a t low 
pH); a s i m i l a r e f f e c t has been noted for a number of 
other weak acids i n C h l o r e l l a (Lane & S t i l l e r , 1970). I n 
addition, GAB synthesis i s increased simply by lowering the 
pH of the exter n a l medium. 
Two possible mechanisms may be proposed to t r y and 
explain the increase i n GAB synthesis r e s u l t i n g from the 
i n h i b i t i o n of aerobic r e s p i r a t i o n . 
( i ) the permeability of i n t r a c e l l u l a r membranes may be 
increased, exposing glutamate, normally present i n the 
vacuole, to glutamate decarboxylase which i s located i n 
the cytoplasm (Dixon & Fowden, 1961). This view i s 
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supported by evidence i n d i c a t i n g that GAB i s synthesised 
from a normally non-metabolizable 'sub-fund 1 of glutamate 
(Zemlyanukhin & Ivanov, 1977). 
( i i ) The increase i n GAB synthesis may be the r e s u l t of 
a decrease i n cytoplasmic pH. This could be a p o s i t i v e 
response i n an attempt to maintain the cytoplasmic pH by 
decarboxylations. A l t e r n a t i v e l y , GAB synthesis could 
simply be due to the increased a c t i v i t y of glutamate 
decarboxylase a t low pH. The pH optimum for the enzyme i n 
plants i s pH 5.9 (S t r e e t e r & Thompson, 1972a,b). 
Both these models f i t the hypothesis that the primary 
e f f e c t of i n h i b i t i n g anaerobic r e s p i r a t i o n i s to disrupt 
proton gradients. Evidence presented here tends to support 
the l a t t e r view. GAB synthesis i s promoted by conditions 
under which s i g n i f i c a n t general exodus does not occur 
(e.g. low pH; acetate at high pH). Thus, GAB synthesis 
does not seem to be d i r e c t l y related to a generalized 
increase i n membrane permeability. However, the p o s s i b i l i t y 
that, under these conditions, i n t r a c e l l u l a r permeability 
b a r r i e r s break down more ext e n s i v e l y than the plasmalemma, 
does not allow ( i ) , above, to be completely discounted. 
A further i n d i c a t i o n that the breakdown of i n t r a -
c e l l u l a r compartmentation i s not the main cause of the 
anaerobic synthesis of GAB comes from observations on 
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pro l i n e s y n t h e s i s . Proline &>es not accumulate i n b a r l e y 
embryos under any of the adverse conditions employed here, 
yet i t i s w e l l known that proline accumulates i n b a r l e y 
t i s s u e s under s p e c i f i c s t r e s s (e.g. low temperature: 
Shiomi & Hori, 1978. Water s t r e s s : Singh e t a l . , 1973; 
Stewart, 1978; Hanson & T u l l y , 1979. Nutrient d e f i c i e n c y : 
Goring & Thien, 1979). I t therefore seems l i k e l y t h a t GAB 
and proline synthesis are regulated by e n t i r e l y separate 
processes. However, l i k e GAB, proline i s a l s o apparently 
synthesised i n the cytoplasm from glutamic a c i d (Boggess 
et a l . , 1976; Stewart e t a l . , 1977). Thus, under aerobic 
conditions s u f f i c i e n t glutamate i s a v a i l a b l e i n the cyto-
plasm f o r the synth e s i s of large amounts of p r o l i n e . This 
indicates that glutamate i s a l s o a v a i l a b l e f or conversion 
to GAB. A f a c t o r other than glutamate a v a i l a b i l i t y must 
therefore be important i n regulating GAB s y n t h e s i s . 
F i n a l l y , preliminary observations on E . c o l i i n d i c a t e 
that anaerobiosis and i n h i b i t o r s of e l e c t r o n transport 
s p e c i f i c a l l y promote the synthesis of GAB, ^-alanine and 
putrescine (the decarboxylation product of ornithine) 
(J.W. Payne, personal communication). C l e a r l y , i n a 
prokaryote, d i s r u p t i o n of i n t r a c e l l u l a r permeability 
b a r r i e r s cannot be important. I n addition, these b a c t e r i a l 
decarboxylases are only a c t i v e a t low pH (about pH 5.0; 
Najjar, 1955; Utt e r , 1961), again implying that the primary 
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e f f e c t of a l l the i n h i b i t o r s employed i s to reduce 
cytoplasmic pH. 
The lowering of cytoplasmic pH by acetate and 
uncouplers can r e a d i l y be explained by t h e i r a b i l i t y to 
f a c i l i t a t e the movement of protons across c e l l membranes 
(sections 3.3.3 and 3.3.3.1). However, i t i s l e s s easy to 
explain the apparent a b i l i t y of anaerobiosis and i n h i b i t o r s 
of e l e c t r o n transport to lower the cytoplasmic pH. 
Possibly, normal c e l l u l a r metabolism leads to the production 
of hydrogen ions which, under aerobic conditions, are 
expelled from the c e l l , maintaining a constant i n t r a c e l l u l a r 
pH. I f aerobic r e s p i r a t i o n i s i n h i b i t e d , the a c t i v e 
extrusion of H* ions may be i n h i b i t e d leading to an 
accurualation of protons within the c e l l . This implies 
that the primary function of the proton pump i s to 
maintain c e l l u l a r pH a t a constant l e v e l . 
The a c t i v a t i o n of decarboxylases by the i n h i b i t i o n of 
aerobic r e s p i r a t i o n would be expected to remove protons 
from the cytoplasm. This p o s s i b i l i t y should be borne i n 
mind when studying proton movements under such conditions. 
In addition, the apparent reduction i n the cytoplasmic pH 
of both plant and b a c t e r i a l c e l l s , as a r e s u l t of the 
i n h i b i t i o n of aerobic r e s p i r a t i o n , has considerable 
implications for the measurement of proton f l u x e s ; 
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cytoplasmic pH has generally been considered to remain 
constant when i n t e r p r e t i n g the r e s u l t s of such s t u d i e s . 
3.3.3.4 Reduction i n Embryo Weight 
The reduction of embryo weight i n the presence of 
metabolic i n h i b i t o r s i s only observed i n conditions i n 
which considerable exodus of amino acids (and presumably 
other substrates) from the embryo i s apparent. Thus, 
osmotic e f f e c t s seem l i k e l y to be important. The exodus 
of metabolites from the embryo w i l l lead to a reduction 
i n osmotic pressure. Consequently, water w i l l leave the 
c e l l s , r e s u l t i n g i n an o v e r a l l decrease i n embryo weight. 
3.3.3.5 Energy Supply to Peptide Transport 
Peptide transport by b a r l e y embryos i s c l e a r l y an 
active process, r e q u i r i n g an input of metabolic energy 
(section 3.1.4.1). I t i s not possible to exclude h y d r o l y s i s 
of the peptide bond as a d r i v i n g force for peptide uptake 
(section 1.1.5), although such a p o s s i b i l i t y seems u n l i k e l y as 
active transport can occur i n the absence of h y d r o l y s i s , 
at l e a s t f or c e r t a i n peptides. I n addition, the a b i l i t y of 
such a v a r i e t y of metabolic i n h i b i t o r s to prevent transport 
indi c a t e s that a l e s s s p e c i f i c method of energization i s 
operative. 
+ + 
Na or K ions are not required for peptide transport by 
barley embryos, although they seem to be necessary for peptide 
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transport i n animal c e l l s (Matthews, 1975). This i s 
s i m i l a r to other plant transport processes where Na +-
cotransport i s normally unimportant. However, Sopanen 
et a l . (1978) have reported that high concentrations of 
these monovalent cations a c t u a l l y i n h i b i t peptide transport 
i n barley. S i m i l a r l y , high concentrations of Na + or K + ions 
i n h i b i t amino ac i d uptake by maize s c u t e l l a (Stewart, 1971). 
I t se€ims l i k e l y that these i n h i b i t o r y e f f e c t s are achieved 
by the d i s r u p t i o n of a proton gradient; such an explanation 
has often been invoked to explain the i n h i b i t o r y e f f e c t s 
2+ 
of these ions i n other plant t i s s u e s . I n addition, Ca / 
2+ + + Mg ions reverse the Na /K i n h i b i t i o n of peptide transport. 
I t seems l i k e l y that these d i v a l e n t ions prevent the 
disruption of proton gradients (section 3.3.3.2). 
More d i r e c t evidence for the involvement of an H + ion 
gradient i n energizing peptide transport comes from studies 
with metabolic i n h i b i t o r s . I n addition to t h e i r e f f e c t on 
the general exodus of metabolites from plants c e l l s 
(section 3.3.3.2), i t seems that anaerobiosis and metabolic 
i n h i b i t o r s can a l s o i n h i b i t transport more s p e c i f i c a l l y . Thus, 
i n s everal plant systems, low concentrations of DNP do not 
promote general exodus, yet may s t i l l i n h i b i t the uptake of various 
compounds i n t o the c e l l (Robertson et a l . , 1951; Schoolar 
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& Edelman, 1970; Jensen, 1978). Low concentrations of 
DNP a l s o i n h i b i t amino aci d uptake by plant c e l l s (e.g. 
Harrington & Smith, 1977; L i e n & Rognes, 1977; Soldal 
& Nissen, 1978). 
I t seems that i n b a r l e y too, the i n h i b i t i o n of 
peptide transport by metabolic i n h i b i t o r s i s not simply a 
r e s u l t of increased membrane l e a k i n e s s . For example, 
under c e r t a i n conditions (e.g. acetate at high pH) l i t t l e 
or no amino a c i d exodus i s apparent, i n d i c a t i n g that the 
membrane has not become generally leaky, yet peptide 
transport i s s t i l l strongly i n h i b i t e d . This i s p a r t i c u l a r l y 
w e l l i l l u s t r a t e d by the e f f e c t s of acetate on the uptake of 
Gly-Sar from a 20 mM sol u t i o n (table 3.23; s e c t i o n 3.3.2.5). 
After 6 h incubation i n the absence of acetate, Gly-Sar 
does not a t t a i n a concentration i n the embryo 
equivalent to t h a t i n the e x t r a c e l l u l a r medium. Thus, i f 
acetate a c t s simply by increasing membrane l e a k i n e s s , i t 
would not be expected to i n h i b i t Gly-Sar uptake. Indeed, 
i t might even be expected to increase uptake, allowing 
peptide to enter the c e l l down a concentration gradient. 
However, acetate does i n h i b i t Gly-Sar uptake under these 
conditions, i n d i c a t i n g a rather more s p e c i f i c e f f e c t on 
transport than simply i n c r e a s i n g the leakiness of the c e l l 
membrane. 
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I f analogies with microbial and animal systems are 
permitted, two possible modes of energization remain; 
d i r e c t energization by phosphate bond energy, or transport 
dependent upon H + / e l e c t r o p o t e n t i a l gradients. Several 
l i n e s of evidence point towards the l a t t e r p o s s i b i l i t y . 
( i ) Anaerobiosis and metabolic i n h i b i t o r s , which i n h i b i t 
peptide transport, a l l seem to cause the breakdown of 
proton gradients i n b a r l e y embryos (see above). 
( i i ) The undissociated a c e t i c a c i d molecule, which i t would 
seem can only act by disrupting a H ion gradient ( s e c t i o n 
3.3.3.1), i s a powerful i n h i b i t o r of peptide transport. 
+ # + 
( i i i ) The i n h i b i t o r y e f f e c t s of K /Na ions can be 
explained on a b a s i s of energization by proton gradients. 
(iv) I t seems u n l i k e l y that, even i f i n h i b i t o r s of 
oxidative phosphorylation were 100% e f f i c i e n t , they would 
t o t a l l y i n h i b i t an ATP-dependent transport system. The 
high l e v e l s of metabolizable sugars i n the scutellum should 
allow s i g n i f i c a n t q u a n t i t i e s of ATP to be produced 
anaerobically, by s u b s t r a t e - l e v e l phosphorylation. 
(v) Even i f uptake i s ATP-dependent, r e t e n t i o n of peptide 
within the embryo requires an H -ion gradient. Gly-Sar 
exodus i s promoted by DNP and acetate ( s e c t i o n 4.3.4) 
both of which seem to cause exodus by i n t e r f e r i n g with the 
proton gradient. As exodus i s apparently s t e r e o s p e c i f i c 
( s e c t i o n 4.3.3), uptake and exodus are probably mediated 
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by the same transport system. I t therefore seems l i k e l y 
that peptide uptake i s a l s o H +-dependent. 
( v i ) There has r e c e n t l y been a p r o l i f e r a t i o n of reports 
i n d i c a t i n g that many transport processes i n p l a n t s are 
dependent upon a proton gradient. I n p a r t i c u l a r , t r a n s i e n t 
d e p olarization of the membrane and rapid pH changes have 
been observed during the transport of s e v e r a l metabolites; 
sucrose i n Ricinus cotyledons (Komor, 1977; Komor et a l . , 
1977; Hutchings, 1978a,b), maize s c u t e l l a (Humphreys, 1978); 
Samanea p u l v i n i (Racusen & Galston, 1977), C h l o r e l l a (Komor 
& Tanner, 1976; Schwab & Komor, 1978), Lemna fronds 
(Novacky et a l . , 1978b), and phloem loading i n Ricinus 
(Malek & Baker, 1977; Baker, 1978); glucose i n maize roots 
(Kennedy, 1977) and Impatiens roots (Jones e t a l . , 1975); 
amino acids i n Lemna fronds (Novacky e t . a l . , 1978a), oat 
c o l e o p t i l e s (Etherton & Nuovo, 1974; Etherton & Rubinstein, 
1973) and tomato internodes (va.n B e l & van Erven, 1976, 1979). 
Thus, plant c e l l s seem to be able to couple transport to H +-
ion movements. 
I t therefore seems l i k e l y t h a t peptide transport i n 
barley i s energized according to the chemiosmotic theory 
(see M i t c h e l l , 1976). This i s unlike s i m i l a r systems i n 
b a c t e r i a where peptide transport i s apparently ATP-dependent 
and animal t i s s u e s i n which a Na -peptide cotransport 
system may operate. 
Unlike most transport systems, where a l l substrates 
bear the same charge, peptides handled by a s i n g l e system 
can be ne u t r a l , c a t i o n i c or anionic, depending upon t h e i r 
amino aci d sequence. C e r t a i n peptides (e.g. t r i l y s i n e , 
t r i g l u t a m i c acid) may be multiply charged. Unless a v a r i a b l e 
H +:peptide stoichiometry i s invoked, c e r t a i n peptide:H + 
c a r r i e r complexes w i l l be n e u t r a l . Transport w i l l therefore 
be non-electrogenic, dependent only upon a pH gradient, 
normally considered unable to support a high accumulation 
r a t i o i n the absence of an e l e c t r o p o t e n t i a l gradient. I n 
ce r t a i n extreme cases, although uptake may be down a pH 
gradient, i t may be against an e l e c t r o p o t e n t i a l gradient. 
+ 
A l t e r n a t i v e l y , a high H :peptide stoichiometry would have 
to be invoked; t h i s would make peptide transport e n e r g e t i c a l l y 
i n e f f i c i e n t . Thus, i f H +-peptide cotransport i s confirmed, 
t h i s system w i l l be of p a r t i c u l a r i n t e r e s t i n studying the 
mechanism of proton-dependent transport i n plant c e l l s . 
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3.4 F i n a l D i s c u s s i o n 
The existence of a peptide transport system i n the 
scutellum of germinating b a r l e y embryos seems f i r m l y 
e s t a b l i s h e d . The system i s independent of amino a c i d 
uptake, y et w i l l handle d i - , t r i - and po s s i b l y even l a r g e r 
peptides. I t i s highly probable that a l l peptides are 
transported i n t a c t ; h y d r o l y s i s i s rapid, y e t subsequent 
to transport. No evidence has been obtained (although see 
chapter 4) for the existence of any further peptide transport 
systems with r e s t r i c t e d s p e c i f i c i t y . A l l peptides which are 
absorbed seem to be handled by t h i s one system. 
3.4.1 S t r u c t u r a l Requirements for Transport 
The s t r u c t u r a l requirements for peptide transport by 
barley embryos have been examined i n some d e t a i l , and are 
very s i m i l a r to a l l other peptide transport systems (t a b l e 
3.26). The only major difference observed between those 
organisms i n which peptide transport has been ch a r a c t e r i z e d 
i s the existence of two separate systems i n E . c o l i and other 
b a c t e r i a . A possible reason f o r t h i s has been discussed 
elsewhere ( s e c t i o n 3.1.4.4). However, despite the 
additional dipeptide transport system i n many b a c t e r i a , the 
s t r u c t u r a l requirements f or transport are s t i l l s i m i l a r to those o 
other organisms. I n f a c t , considering the very d i f f e r e n t 
environments i n which the bar l e y , b a c t e r i a l , yeast and 
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mammalian systems operate, i t i s , a t f i r s t s i g h t , perhaps 
s u r p r i s i n g how s i m i l a r they appear to be. A great deal 
of t h i s s i m i l a r i t y i s doubtless due to the need to 
s p e c i f i c a l l y recognize a peptide and d i s t i n g u i s h i t from 
other metabolites (the s t r u c t u r a l requirements for transport 
w i l l present a 1mirror-image 1 of the shape of the peptide 
binding s i t e ) . A number of features of peptide s t r u c t u r e 
seem to be important i n conferring a f f i n i t y for the 
transport system; no s i n g l e component predominates. This 
i s perhaps not s u r p r i s i n g i f non-peptide mat e r i a l i s to 
be excluded. For example, i f the amino group were 
the one s i n g l e requirement for uptake, amino a c i d s , amino 
sugars and other metabolites would a l s o bind to tie 
transport s i t e and reduce peptide transport, e i t h e r 
competitively or non-competitively. Thus, a l l the 
c h a r a c t e r i s t i c s t r u c t u r a l features of a peptide, the 
peptide bond and the N- and O t e r m i n a l groups, are almost 
i n v a r i a b l y important for the binding process. Any 
s t r u c t u r a l modifications which a l t e r the s p a t i a l r e l a t i o n -
ships between these groups (e.g. D-amino a c i d residues) 
might reasonably be expected to reduce binding. S i m i l a r l y , 
the v a r i a b l e nature of the amino acid side chains makes 
them an u n c h a r a c t e r i s t i c component of peptide s t r u c t u r e 
and consequently unimportant with regard to peptide 
recognition. Thus, i t i s perhaps not s u r p r i s i n g ( a t l e a s t 
for systems which handle peptides of the same s i z e ) t h a t , 
although a f f i n i t i e s and maximum r a t e s may vary, the 
s t r u c t u r a l requirements f or peptide transport i n a l l species 
are very s i m i l a r . 
C e r t a i n s t r u c t u r a l requirements f or peptide transport 
do not seem e a s i l y compatible with each other. For example, 
i t i s d i f f i c u l t to envisage a binding s i t e r e q u i r i n g both 
the N- and C-terminal groups of a peptide yet being able to 
accommodate peptides of d i f f e r e n t lengths. S i m i l a r l y , i t 
i s s u r p r i s i n g that the transport system i s only able to 
handle N-substituted peptides very poorly, yet w i l l handle 
N-terminal p r o l y l peptides extremely e f f i c i e n t l y . I t i s 
in t e r e s t i n g to speculate that such peptides may have 
d i s t i n c t binding s i t e s , possibly on separate 'binding 
p r o t e i n s 1 . I f t h i s were so, competition for transport may 
then represent competition of the loaded binding proteins 
for a s i n g l e membrane-bound transport system. Evidence 
for 'binding p r o t e i n s ' i n plant transport processes has 
been presented, although i t i s by no means conclusive 
(Amar & Reinhold, 1973? Wahlstrom & E r i k s s o n , 1976; 
Rubinstein et a l . , 1977). 
3.4.2 Rel a t i o n s h i p Between Peptide Transport and 
Peptidase A c t i v i t y 
I t has been shown that the transport of peptides by 
the b a r l e y scutellum can operate independently of peptidase 
- 2h5 -
a c t i v i t y ( s e c t i o n 3.1.4.3). However, these r e s u l t s should 
be considered i n the l i g h t of recent evidence i n d i c a t i n g 
that, a t l e a s t i n b a c t e r i a , peptide transport i s i n d i r e c t l y 
a f f e c t e d by peptidase a c t i v i t y (J.W. Payne, unpublished 
r e s u l t s ) . Thus, peptides normally enter b a c t e r i a and are 
r a p i d l y cleaved so tha t a s i g n i f i c a n t peptide pool never 
accumulates. However, i n peptidase-deficient s t r a i n s , 
peptides accumulate i n t a c t u n t i l a given c oncentration i s 
attained, a t which point exodus from the c e l l equals the 
r a t e of uptake and no further net transport can be 
detected. I n wild-type Salmonella pat l e a s t , the l e v e l of 
i n t a c t peptide tha t can be accumulated before exodus i s 
s i g n i f i c a n t i s such that no uptake can be detected a t 
a l l under most conditions. A s i m i l a r s i t u a t i o n might 
therefore be envisaged i n wild-type c e l l s , i n which a 
s t r u c t u r a l l y modified peptide i s a good substrate for 
transport, yet p e p t i d a s e - r e s i s t a n t ; net uptake w i l l be 
indetectable despite i t s adequacy as a transport s u b s t r a t e . 
I t seems l e s s l i k e l y t h a t exodus w i l l be important 
i n the b a r l e y embryo than i t w i l l i n b a c t e r i a . Once a peptide 
has entered the cytoplasm of an embryo c e l l , i t may be 
r a p i d l y transported to a vacuole or to neighbouring c e l l s , 
preventing tte accumulation of a s u f f i c i e n t concentration 
i n the cytoplasm for exodus to become s i g n i f i c a n t . At 
present, techniques are not a v a i l a b l e to t e s t t h i s 
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p o s s i b i l i t y i n b a r l e y . However, the p o s s i b i l i t y t h a t 
the r a t e s of transport measured i n b a r l e y may r e f l e c t net 
movements of peptide, rather than the a c t u a l r a t e of entry 
i n t o the c e l l , should be borne i n mind. 
I t i s a l s o i n t e r e s t i n g to note that the model 
proposed for b a c t e r i a i s very s i m i l a r to the model 
proposed to e x p l a i n evidence for s u b c e l l u l a r compartmentation 
i n the b a r l e y embryo (model I I , s e c t i o n 4.4.7). The only 
difference i s that i n h i b i t i o n of the entry of peptides into 
the h y d r o l y t i c compartment (vacuole?), rather than a l a c k 
of peptidase a c t i v i t y per se, allows i n t a c t peptide to 
accumulate i n the c e l l and t h i s l i m i t s net uptake as the 
rate of exodus i n c r e a s e s . 
3.4.3 Comparison With Other Studies 
During the course of t h i s work an independent study 
of peptide transport by germinating ba r l e y embryos was 
i n i t i a t e d elsewhere (Sopanen e t a l . , 1977, 1978). I t i s 
encouraging to note the s u b s t a n t i a l agreement between t h e i r 
r e s u l t s and those presented here, e s p e c i a l l y considering 
the e n t i r e l y d i f f e r e n t methods employed. Sopanen and h i s 
co-workers employed rad i o a c t i v e peptides to monitor uptake; 
the lack of s u i t a b l e substrates r e s t r i c t e d t h e i r studies 
to sarcosine-containing peptides and the p h y s i o l o g i c a l 
peptide d i g l y c i n e . This choice of d i g l y c i n e proved i n 
- 2k7 
some ways fortunate. Most peptides are hydrolysed and a 
high proportion of the r e s u l t a n t amino a c i d s undergo 
exodus, a circumstance which would lead to a severe 
underestimate of peptide uptake using r a d i o a c t i v e methods. 
However, glycine released from d i g l y c i n e i s r a p i d l y 
metabolised by b a r l e y embryos ( s e c t i o n 3.1.3.1) and con-
sequently r a d i o a c t i v i t y remains i n the embryo. I n other 
ways the use of d i g l y c i n e was l e s s than i d e a l . G l y c i n e -
peptides are c l e a r l y anomalous with respect to peptide 
transport ( s e c t i o n 3.2.3.2), 
From t h e i r studies they have concluded that the b a r l e y 
scutellum possesses a s i n g l e peptide transport system which 
handles d i - and t r i p e p t i d e s , yet i s independent of amino 
ac i d uptake, uptake i s i n h i b i t e d by anaerobiosis and 
metabolic i n h i b i t o r s and i s independent of Na + ions. 
Peptide transport i s optimal between pH 4 and 5. I n 
agreement with present r e s u l t s , Gly-Sar and Gly-Sar-Sar 
were found to be transported i n t a c t , and d i g l y c i n e to be a 
r e l a t i v e l y poor substrate f o r transport. 
Thus, the broad s i m i l a r i t y between t h e i r conclusions 
and the data presented here i s s t r i k i n g . However, two 
obvious, although by no means fundamental, di f f e r e n c e s are 
apparent. F i r s t l y , Sopanan e t a l . claim a detectable non-
mediated component to uptake. This may w e l l be the r e s u l t 
of the techniques employed. They used i s o l a t e d s c u t e l l a , 
d i s s e c t e d from the bulk of the embryo. Thus, uptake by 
damaged t i s s u e at the cut surface may w e l l account for any 
non-mediated absorption. However, s t a t i s t i c a l a n a l y s i s of 
t h e i r data, using the same methods as were applied to data 
obtained i n the present study, has shown that simple 
Michaelis-Menten k i n e t i c s f i t t h e i r data a t l e a s t as w e l l 
as Michaelis-Menten k i n e t i c s plus the proposed d i f f u s i o n 
component ( r e s u l t s not presented). 
The second difference i s i n the reported r a t e s of 
peptide uptake. Sopanen e t a l . , c o n s i s t e n t l y quote r a t e s 
5-10 times greater than those given here. These d i f f e r e n c e s 
are not a function of the v a r i e t y of b a r l e y employed. A 
sample of Himalaya (the v a r i e t y studied by Sopanen e t a l . ) 
was tested here, using fluorescence methods to monitor 
uptake, and i t behaved i d e n t i c a l l y to Maris Otter, Winter 
( r e s u l t s not presented). 
& good deal of the apparent difference i n the r a t e 
of peptide uptake i s almost c e r t a i n l y a r e s u l t of the terms 
in which i t i s expressed. Sopanen e t a l . employed excised 
s c u t e l l a as opposed to the i n t a c t embryos used i n t h i s study. 
However, as uptake i s almost e n t i r e l y through the 
s c u t e l l a r epithelium, rather than the r e s t of the embryo 
surface ( s e c t i o n 3.1.3.3), the amount of absorptive 
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surface w i l l be the same for excised s c u t e l l a as for the 
i n t a c t embryos, while the o v e r a l l weight of the s c u t e l l a r 
t i s s u e alone i s considerably l e s s . This w i l l c l e a r l y lead 
to a discrepancy i n r a t e s of uptake when expressed i n 
terms of \xm/g t i s s u e employed. 
In addition, however, there i s probably a r e a l 
difference i n r a t e s . Sopanen et aj.. employed three-day 
seedlings which they found gave optimal r a t e s of uptake 
(D. Burston, personal communication). Preliminary 
investigations, here, have indicated t h a t the r a t e of peptide 
uptake, i n terms of \xm/g embryo, remains approximately 
constant during the f i r s t few days of germination ( r e s u l t s 
not presented). Given that the s c u t e l l a r epithelium i s the 
only s i g n i f i c a n t absorptive surface, the amount of transport 
per scutellum must increase s e v e r a l - f o l d i n the f i r s t 3 
days of germination, i n p a r a l l e l with the increase i n embryo 
weight. Thus, i t seems probable tha t three-day s c u t e l l a do 
indeed absorb peptides rather more r a p i d l y than s c u t e l l a 
from 24 h embryos. 
I n conclusion, the c h a r a c t e r i s t i c s ascribed to the 
barley peptide transport^system by Sopanen et a l . 
independently confirm some of the r e s u l t s presented here 
and endorse the s u i t a b i l i t y of the new methods employed; 
any d i f f e r e n c e s i n the r e s u l t s may be r e a d i l y accounted f o r . 
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CHAPTER 4 
SUBCELLULAR COMPARTMENTATION 
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4.1 Introduction 
I n order to s i m p l i f y d i s c u s s i o n , b a r l e y embryo c e l l s 
have, u n t i l now, been assumed to be uniform 'black boxes', 
surrounded by a s i n g l e membrane. Although such a view may 
be j u s t i f i e d , the p o s s i b i l i t y of transport i n t o various 
i n t r a c e l l u l a r organelles c e r t a i n l y merits c a r e f u l 
consideration, ©lis has a number of implications f o r 
peptide transport: 
( i ) Peptides may be excluded from c e r t a i n o r g a n e l l e s . 
Where these occupy a r e l a t i v e l y large proportion of the 
c e l l volume t h i s can lead to a serious underestimate of the 
concentration of i n t a c t peptide w i t h i n the c e l l f l u i d , and 
thus, an underestimate of the degree of accumulation. 
( i i ) An a d d i t i o n a l peptide transport system(s) may be 
present i n the membrane surrounding a p a r t i c u l a r organelle. 
This r a i s e s the p o s s i b i l i t y t h a t movement i n t o the organelle, 
rather than across the plasmalemma, i s the r a t e - l i m i t i n g 
step i n transport. Observed concentration gradients may 
represent gradients across the i n t r a c e l l u l a r membrane, 
the cytoplasm remaining more or l e s s a t equilibrium with 
the e x t r a c e l l u l a r space. 
( i i i ) Peptidases may be unevenly d i s t r i b u t e d throughout 
the c e l l . Thus, peptides may be hydrolysed w i t h i n the 
cytoplasm immediately they enter the c e l l . A l t e r n a t i v e l y , 
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i t i s po s s i b l e t h a t a l l peptides can e x i s t i n t a c t i n the 
cytoplasm; they must enter an organelle (e.g. a lysosome) 
before h y d r o l y s i s w i l l occur. 
There i s now considerable i n d i r e c t evidence f or the 
compartmentation of metabolites and metabolic r e a c t i o n s 
w i t h i n the plant c e l l (see Oaks & Bidwell, 1970, for a 
general review), yet l i t t l e d i r e c t information i s a v a i l a b l e 
concerning the mechanism or the organelles involved. Few 
transport studies have been performed on i s o l a t e d p l ant 
organelles, and i n studies of transport by i n t a c t 
plant c e l l s (and those of other eukaryotes) the p o s s i b i l i t y 
that the plasmalemma may not be the only membrane l i m i t i n g 
uptake has r a r e l y been considered. However, there i s a 
considerable amount of evidence to suggest t h a t hydrolases 
are compartmentalized w i t h i n the plant c e l l ( s e c t i o n 4.4.8). 
Thus, s u b c e l l u l a r compartmentation seems l i k e l y to be of 
p a r t i c u l a r importance i n the u t i l i z a t i o n of peptides. 
Studies on the uptake of c e r t a i n N-methylated peptides, 
described i n t h i s chapter, i n d i c a t e t h a t t h i s i s indeed the 
case; peptides are apparently transported across an i n t r a -
c e l l u l a r membrane p r i o r t o h y d r o l y s i s . 
4.2 Methods 
4.2.1 Peptide Uptake 
Peptide uptake was monitored using the standard dansyl 
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chloride procedures described previously ( s e c t i o n 2.3.2). 
Sar-Gly uptake was always determined by examining embryo 
e x t r a c t s for accumulated peptide. 
I n experiments where the incubation pH was v a r i e d , 
media were maintained at the appropriate pa with 50 mM 
sodium phosphate:citric a c i d b u f f e r . 
4.2.2 Peptide and Amino Acid Exodus 
Again, standard incubation conditions were employed. 
S i x embryos were pre-loaded during a 4 h preincubation 
with 2 mM peptide, r a p i d l y but thoroughly washed, b l o t t e d 
dry, and placed i n 1 ml of fresh incubation medium l a c k i n g 
any peptide (although containing the appropriate a d d i t i v e s 
as described i n r e s u l t s ) . A f t e r a fu r t h e r 4 h incubation, 
the d i s t r i b u t i o n of peptide (or amino ac i d s ) between the 
embryo and the medium was monitored using dansyl-chloride. 
General exodus of the amino aci d pool was s i m i l a r l y 
followed, although here, preincubation was c a r r i e d out i n 
buffer alone, i n the absence of any added peptides. 
4.2.3 E l e c t r o n Microscopy 
24 h b a r l e y embryos were f i x e d at 4°C with glutaraldehyde 
(2.5%) and formaldehyde (1.0%) i n sodium cacodylate buffer 
(0.1 M; pH 7.0). After 24 h the embryos were washed i n 
buffer (two changes, 30 min each) and placed i n osmium 
tetroxide ( 1 % i n buffer) for a f u r t h e r 6 h. Embryos were 
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dehydrated s e r i a l l y i n to 100% ethanol followed by propylene 
oxide, embedded i n Spurr's r e s i n (Spurr, 1969) and 
sectioned. Sections were stained with uranyl acetate 
(Watson, 1958) and a l k a l i n e lead c i t r a t e (Reynolds, 1963) 
and photographed using an AEI EM 6b or a P h i l l i p s EM 400 
eleatron microscope a t 60 kV. 
4.3 Results 
4.3.1 C h a r a c t e r i z a t i o n of Sarcosylqlycine Uptake 
Three N-methylated peptides, Sar-Gly, Sar-Gly-Gly and 
Sar-Ser, are taken up i n t a c t by b a r l e y embryos, although 
peptidase a c t i v i t y r e s u l t s i n the r e l e a s e of some fr e e 
sarcosine w i t h i n the embryo (table 4.1). Increases i n f r e e 
glycine or s e r i n e , corresponding to the increase i n f r e e 
sarccaine, are not detected as these amino acid s are r a p i d l y 
metabolized by b a r l e y embryos ( s e c t i o n 3.1.3.1). Free 
sarcosine i s a l s o detected i n the incubation medium; the low 
concentration (< 0.05 mM) shows that most sarcosine i s 
retained w i t h i n the embryo against a large concentration 
gradient (40:1). 
The sarcosine appearing i n the embryo during incubation 
with Sar-Gly i s not a r e s u l t of f r e e sarcosine uptake 
following e x t r a c e l l u l a r peptide cleavage. Although f r e e 
sarcosine i s absorbed from a 2 mM s o l u t i o n a t a r a t e of 
1.9 iiit/g f r e s h weight/8 h (a r a t e s u f f i c i e n t to e x p l a i n i t s 
uptake from Sar-Gly on the b a s i s of h y d r o l y s i s followed by 
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sarcosine uptake), the f a c t that the exte r n a l concentration 
of f r e e sarcosine never exceeds 0.05 mM during incubation 
with Sar-Gly, while the r a t e of sarcosine uptake i s 
proportional to i t s e x t e r n a l concentration (at l e a s t up to 
2 mM; data not presented), makes t h i s p o s s i b i l i t y untenable. 
Thus, Sar-Gly i s absorbed i n t a c t . A c e r t a i n proportion i s 
hydrolysed i n t r a c e l l u l a r l y to give a pool of f r e e sarcosine, 
most of which remains w i t h i n the embryo. 
Figures 4.1 and 4.2 show the k i n e t i c s of Sar-Gly uptake 
from a 2 mM so l u t i o n . I n t a c t peptide increases to a l e v e l 
of about 1.1 \xm/g f r e s h weight within 4 h; t h i s l e v e l then 
remains constant throughout any further incubation. However, 
the production of free sarcosine from Sar-Gly increases 
l i n e a r l y for a t l e a s t 24 h, a f t e r an i n i t i a l l a g of an hour 
or so. Thus, i f the t o t a l Sar-Gly uptake i s assumed to be 
the sum of i n t a c t peptide plus any free sarcosine produced, 
uptake remains approximately l i n e a r f o r a t l e a s t 24 h. 
The amount of i n t a c t Sar-Gly accumulated by bar l e y 
embryos over a 4 h incubation period i s proportional to i t s 
external concentration ( f i g . 4.3). As no further Sar-Gly 
i s accumulated i f the incubation period i s extended to 6 h 
or 8 h, i t seems that the peptide present i n the embryo 
af t e r 4 h represents the maximum amount which may be 
accumulated a t any given e x t e r n a l concentration. 
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T 
i 
J 
8 2 16 20 
Incubation Period(h) 
F i g u r e k.lz Uptake of Sar-Glv I n the Presence 
and Absence of G l v - I l e ; Long I n c u b a t i o n Periods 
Sarcosine (#,0) and Sar-Gly ( • , • ) , 
accumulated from 2mM Sar-Gly alone, 
( s o l i d symbols) and i n the presence 
of 8mM G l y - I l e (open symbols), were 
determined by embryo e x t r a c t i o n . 
I n c u b a t i o n s were c a r r i e d out under 
standard c o n d i t i o n s ( s e c t i o n 2.3.1). 
Each value i s the average of f o u r 
separate d e t e r m i n a t i o n s . Bars r e p -
r e s e n t the range of values o b t a i n e d . 
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1 
z i 5 s5 ( 
8 
Incubation period (h) 
F i g u r e *+.2s- Uptake of Sar-Glv i n the Presence and Absence of Q l r - U e s Short IngnbaUon Pe^ic-ds, 
Sarcosine (#,o) and Sar-Gly ( • , • ) , 
accumulated from 2mM Sar-Gly alone 
( s o l i d symbols), and i n the presence 
of 8mM G l y - I l e (open symbols), were 
determined by embryo ex t r a c t i o n . 
Incubations were c a r r i e d out under 
standard conditions ( s e c t i o n 2.3-1)• 
Each value i s the average of four 
separate determinations. Bars rep-
resent the range of values obtained-
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I 
i 
A. 
0 
i 8 
Sar-GLy concentration (mM) 
F i g u r e E f f e c t of Medium C o n c e n t r a t i o n 
pn g g r - G l y Uptake 
The accumulation of sarcosine (•) and Sar-
Gly (•) by barley embryos was monitored by 
embryo extraction. Incubations were for 
**h under standard conditions ( s e c t i o n 
2*3.1) with varying concentrations of 
Sar-Gly. Each value i s the average of at 
l e a s t three separate determinations. Bars 
represent the range of values obtained-
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Uptake of i n t a c t Sar-Gly shows an optimum a t pH 4.0 
(figure 4.4)• This i s s i m i l a r to the pH optimum obtained 
f o r the uptake of Gly-Sar and a number of p h y s i o l o g i c a l 
peptides (section 3.1.3.9). However, although s i m i l a r , the 
pH p r o f i l e f or the h y d r o l y s i s of Sar-Gly, as evinced by 
the appearance of free sarcosine, i s c l e a r l y d i f f e r e n t from 
that f or the uptake of i n t a c t peptide. This provides 
ad d i t i o n a l evidence t h a t peptide uptake and h y d r o l y s i s are 
separate processes (see a l s o s e c t i o n 3.1.4.3). 
4.3.2 I n h i b i t i o n of Sarcosylqlycine Uptake 
I n attempting to demonstrate tha t accumulation of 
i n t a c t Sar-Gly i s mediated by the peptide transport system, 
a number of unexpected r e s u l t s were obtained. Peptides 
(e.g. G l y - I l e , Ala-Ala-Ala), which from previous experience 
would have been expected to competitively i n h i b i t transport, 
had no s i g n i f i c a n t e f f e c t on the accumulation of i n t a c t 
Sar-Gly, Sar-Gly-Gly or Sar-Ser over an 8 h incubation 
period (table 4.1), although i n a s i m i l a r period they 
reduced the i n t a c t uptake of Gly-Sar s e v e r a l - f o l d (see a l s o 
s e c t i o n 3.1.3.8). However, the production of f r e e sarcosine 
within the embryo, as a r e s u l t of peptidase a c t i v i t y , was 
very considerably reduced by these p h y s i o l o g i c a l peptides. 
This reduction was not simply due to increased r a t e s of 
exodus, as sarcosine was indetectable i n the incubation 
medium. 
- 261 -
9 
• 
• 
O 
o 
3 4 5 6 7 8 
Incubation pH 
F i g u r e k.k: E f f e c t of DH on 
Ser-Gly Uptake 
Embryos were incubated f o r 8h 
i n 2mM Sar-Gly at the approp-
r i a t e pH and the amounts of 
Sar-Gly (•) and f r e e sarcosine 
(o) accumulated, determined by 
embryo e x t r a c t i o n . I n ad d i t i o n , 
the f r e e sarcosine appearing i n 
the medium (•) was monitored 
using dansyl c h l o r i d e . The 
t o t a l amount of f r e e sarcosine 
(embryo plus medium) i s also 
given ( • ) . Each value i s the 
average of two separate deter-
minations. 
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The effects of G l y - I l e on Sar-Gly uptake were examined 
after various incubation periods ( f i g s , 4.1 and 4.2). 
Clearly, G l y - I l e has l i t t l e or no effect on the accumulation 
of intact Sar-Gly, leaving even the i n i t i a l rate of uptake 
unaffected, yet the production of free sarcosine by hydrolysis 
i s markedly reduced. 
Metabolic inhibitors have a similar effect on Sar-Gly 
uptake as does Gl y - I l e (table 4.2). This s i m i l a r i t y i s 
also observed i f the k i n e t i c s of inhibition are examined 
(results not presented). Again, although the uptake of 
intact peptide i s unaffected by the metabolic inhibitors, 
the production of free sarcosine i s greatly reduced. 
Free amino acids, however, unlike peptides, have no 
detectable effect on the accumulation of intact Sar-Gly or 
free sarcosine derived from i t (table 4.1)* 
4.3.3 Inhibition of Uptake of Glycylsarcoaine and 
Physiological Peptides 
In order to ascertain the unusual nature of the effects 
of the above 'inhibitors 1 on the uptake of Sar-Gly, the i r 
effects on a number of known substrates of the peptide 
transport system were also studied. 
Gly-Sar i s taken up intact by barley embryos, with 
l i t t l e hydrolysis (section 3.1.3.2). Both G l y - I l e (table 
4.1) and DNP (table 4.2) strongly i n h i b i t t h i s intact 
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Table k.2i E f f e c t of Metabolic I n h i b i t o r s on the 
Uptake of Sarcosvl Peptides 
I n h i b i t o r None Acetate 
( 1 I ? b M ) . 
DNP 
XO.-taM) 
CCCP 
Sar-Gly ( I n t a c t peptide 1.1 0.8 1.1 0.9 1.2 
.Free sarcosine 2-1 0.3 0 0 0 
Gly-Sar < ^I n t a c t peptide .Free sarcosine 
10.3 
0.8 
- - 3-0 
0 
The amounts of i n t a c t peptide and f r e e sarcosine 
detected i n the embryo a f t e r oh incubation i n a 2mM s o l u t i o n 
of the appropriate sarcosyl peptide (together w i t h ah 
i n h i b i t o r , as indicated) are expressed as jam/g f r e s h wt. 
.2acr; value i s the average of at lea s t two separate determin-
ations. - denotes not determined. 
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accumulation ( i n agreement with r e s u l t s presented 
previously; sections 3.1.3.8; 3.1.3.10). 
Trialanine was found to be almost completely removed 
from the medium by barley embryos over an 8 h incubation 
period. However, i n the presence of 8 mM Gl y - I l e or 0.3 raM 
DNP, l i t t l e or no loss from the medium could be detected 
(results not presented). Table 4.3 shows i n d e t a i l the 
effects of DNP and Gly - I l e on triala n i n e uptake. In the 
absence of these inhibitors, almost a l l the triala n i n e 
i n i t i a l l y present i n the medium i s absorbed over an 8 h 
period and hydrolysed to free alanine* No intact peptide 
can be detected within the embryo. G l y - I l e , however, 
inhibits t r i a l a n i n e uptake. The lack of any increase i n 
free alanine i n the embryo or medium shows that hydrolysis 
i s also prevented. This seems to be due to the inhibition 
of uptake (preventing trialanine gaining access to the 
peptidases), rather than to competition for the peptidases 
jggr se, as intact t r i a l a n i n e does not accumulate within the 
embryo. 
In the presence of DNP, trialanine can be detected 
intact within the embryo. An increase i n the overall l e v e l 
of free alanine indicates that some hydrolysis has ftlso occurred 
(unless the increase i s actually DNP-induced synthesis of 
3-alanine; section 3.3.3.3). Nevertheless, DNP s t i l l 
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i n h i b i t s t r i a l a n i n e uptake by at least 85%. 
Evidence has already been presented which shows that 
DNP can cause equilibration of amino acids across the c e l l 
membrane (section 3.3.2.4). This i s also i l l u s t r a t e d by the 
results presented i n table 4.3. While some alanine and 
glycine leak into the medium i n the absence of DNP, a 
concentration gradient of at l e a s t 20:1 i n favour of the 
embryo i s s t i l l maintained. However, i n the presence of 
0.3 tnM DNP, similar concentrations of both alanine and 
glycine are achieved i n the embryo and medium. This i s the 
r e s u l t of exodus, rather than metabolism, as the t o t a l amount 
of each amino acid ( i n the embryo plus medium) does not vary. 
Gly-Ile and DNP have similar effects on diglycine 
uptake as they do on trialanine uptake. After 8 h 
incubation i n a 2 mM solution, no intact diglycine can be 
detected i n barley embryos. However i n the presence of 
0.3 raM DNP, intact diglycine accumulates to the le v e l of 
fresh weight. 
Unlike the L-peptides employed above, D-peptides which 
are not taken up by barley embryos (e.g. D-Leu-D-Leu, 
D-Ala-D-Ala-D-Ala; section 3.2.5) are not detected i n t a c t 
i n erabryo extracts after incubation with DNP. Thus, 
although DNP allows amino acids and L-peptides to equilibrate 
across the membrane, these D-peptides seem to be t o t a l l y 
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excluded from the embryo. 
4.3.4 Peptide and Amino Acid Exodus 
Sar-Gly also behaves rather anomalously when exodus 
from the embryo i s monitored. Embryos preincubated for 4 h 
i n 2 mM Sar-Gly accumulate similar levels of the intact 
peptide and free sarcosine. However, during a further 4 h 
incubation i n the absence of an external supply of Sar-Gly, 
a l l the accumulated peptide i s l o s t from the embryo and 
recovered intact i n the medium, while only a small 
proportion of the free sarcosine undergoes exodus (table .4.4). 
The presence of Gly-Ile i n the medium does not seem to affec t 
t h i s exodus. 
Gly-Sar behaves i n a similar manner to free sarcosine; 
only a proportion of the accumulated peptide undergoes 
exodus over 4 h (table 4.5). Free isoleucine, derived from 
the uptake of Gly-Ile,also shows only p a r t i a l exodus; 25% 
i s leached i n 4 h (table 4.6). However, intact t r i a l a n i n e 
and diglycine, accumulated during incubation i n the presence 
of DNP, are rapidly l o s t to the medium, i n a manner 
similar to intact Sar-Gly (table 4.5). 
DNP increases exodus; greater proportions of both 
sarcosine (derived from Sar-Gly } and Gly-Sar are l o s t from 
the embryo into DNP than into buffer alone. However, even 
i n DNP some of each compound i s retained within the 
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Table k.hi Kxodua of Sar-fllv and Sarcoslne 
from Barley Embryos 
{ 
1 i i 
! 
i 
j 
! 
i 
SarcQsiri? §nd Sgr-Gly i n 
EmbrvcB and media (nanomoles) 
After A f t e r e^odu^ i n t p : 
B uffer Buffer + Buffer + 
Alone DNP G l v - I l e 
(0,«) (8aM) 
Sar-Gly 
Sarcosine i***rJ° (Medium 
55 
0 
0 
0 0 0 M+ 9* *+7 
33 12 29 
8 36 18 
Embryos were preloaded during kh incubation w i t h 2mM 
Sar-Gly under standard conditions ( s e c t i o n 2.3-D* Exodus 
wa^ i n t o f r e s h b u f f e r lacking Sar-Glv but containing c e r t a i n 
a d d i t i v e s , as i n d i c a t e d (see section H-.2.2 f o r methods). The 
amounts of Sar-Gly and sarcosine present i n the embryos and 
nedia a f t e r preloading, and a f t e r a f u r t h e r **h 'exodus period 1, 
were determined using dansyl c h l o r i d e . Each value i s the 
average of at l e a s t two separate determinations. 
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T a b l e Exodus p i G l y - S a r > T r i a l a n i n e 
and P l e l Y c l n g frog) B a r l e y Ewfrrypg 
P§P"ti4§ Present i n embryos and media (nanomoles) 
A f t e r exodus i n t o : 
Buffer Buffer + Buff e r + 
Alon§ W A z i a ? 
(O.^mM) (1.5mM) 
Gly-Sar J ? * ? * 0 (Medium 
Tria l a n i n e j * * * * 0 (Medium 
Diglycine j f j j j o 
(Medium 
29* 0 
61 
0 
0 
136 99 52 
136 180 197 
0 
52 -
0 
k7 
Embryos were preloaded during incubation w i t h 2mM 
peptide f o r Mi (Gly-Sar) or 8h i n the presence of 0.3mM 
DNP (Diglycine and T r i a l a n i n e ) . Exodus was i n t o f r e s h 
buffer lacking peptide but containing c e r t a i n a d d i t i v e s , 
as indicated (see section *f.2.2 f o r methods). The amounts of 
i n t a c t peptide i n t h e embryos and media a f t e r preloading, and 
a f t e r a f u r t h e r kh 'exodus p e r i o d 1 , were determined using 
dansyl c h l o r i d e . Each value i s the average of at le a s t two 
separate determinations. 
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Table l+,6; Exodus of I s o l e u c i n e ( d e r i v e d 
from G l v - I l e ) from B a r l e v Embryos 
Isoleucine nresent i n embryos 
and media (nanomoles) 
A f t e r P r e l o a d i n g A f t e r Exoflus 
Embryo 1030 800 
Medium 0 270 
Embryos were preloaded during **h incubation w i t h 2mM G l y - I l e . 
The l e v e l s of f r e e isoleucine i n the embryos and media, a f t e r 
preloading and a f t e r a f u r t h e r *+h 'exodus p e r i o d 1 i n f r e s h 
buffer ( l a c k i n g G l y - I l e ) , were determined using dansyl c h l o r i d e 
(see section W.2.2 f o r methods). Each value i s the average of 
two separate determinations. 
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Table k.7-. fixpdus of EMpRenpus Amino 
flplfls f r p p Barley Embrypg 
Buffer alone Buffer + DNP (O.^mM) 
Embryo Medium Effbryo Medium 
Prol i n e 190 56 130 120 
Valine 110 k6 96 58 
GAB 290 300 330 >+80 
Iso-
leucine 80 16 kk 52 
Leucine 100 20 78 60 
Others not determined 
Embryos were preincubated i n b u f f e r f o r hh ( s i x embryos/ 
ml medium). The l e v e l s of each amino acid (nanomoles) i n the 
embryo and medium a f t e r a f u r t h e r *fh incubation i n f r e s h 
b u f f e r (section *+.2.2), i n the presence and absence of DNP, 
were determined using dansyl c h l o r i d e . Each value i s the 
average of two separate determinations. 
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embryo (tables 4.4 and 4.5). 
The free amino acid pool of barley embryos also 
undergoes exodus; 25-30% of the amino acids are l o s t to 
the medium during 4 h incubation i n buffer alone, 50-60% 
in the presence of DNP (table 4.7). These percentage losses 
are similar to those achieved for sarcosine and Gly-^Sar. Thus, 
i t seems that the loss of sarcosine and Gly-Sar from the 
embryo, both i n the presence and absence of DNP, i s part 
of a general exodus. Only Sar-Gly and i n t a c t t r i a l a n i n e 
and diglycine do not f i t t h i s pattern? far greater exodus 
of these peptides occurs than for any other peptide or 
amino acid. 
The r e l a t i v e volumes of embryo and medium require that 
95% 6f a compound must be l o s t from the embryo before 
equilibrium with the medium i s attained. Thus, even after 
4 h incubation i n DNP, complete equilibration of the amino 
acid pool has not been achieved; compounds remaining i n the 
embryo are s t i l l at about 20 times their concentration i n 
the medium. Only Sar-Gly seems to reach equilibrium within 
the 4 h exodus period. The small amount of Sar-Gly 
remaining i n the embryo at equilibrium would be indetectable 
by present methods. 
4.3.5 Structure of the Scutellum 
Figure 4.5 i s an electron micrograph of the 24 h barley 
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Figure jfJLs Electron Micro^r^ph of 
the ?hh S c u t e l l a r Epithelium 
A = Elongated e p i t h e l i a l c e l l s 
M = Mitochondria 
N = Nuclei 
P = Protein bodies ( p a r t i a l l y empty) 
S = Spherosomes ( l i p i d bodies) 
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F i g u r e s ^ . D a & b: Eleptypfl Micrographs pf 
tfrg Parley gqyitfrUum 
(a) S c u t e l l a r e p i t h e l i a l c e l l s 
(b) Subscutellar c e l l s , located 
2-3 c e l l layers below the 
e p i t h e l i a l c e l l s . 
C = C e l l walls 
I = I n t r a c e l l u l a r spaces 
M = Mitochondria 
P ss Protein bodies 
S = Spherosomes ( l i p i d bodies) 
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Figures *+.7a & b: E l e c t r o n Micrographs 
of the Barl e v Embryo 
(a) C e lls from 
p r i m o r d i a l 
(b) C e lls from 
primor d i a l 
the base of the 
shoot. 
the base of the 
r o o t . 
C = C e l l w a l l 
I = I n t r a c e l l u l a r space 
M = Mitochondria 
P = Protein bodies/vacuoles 
S = Spherosomes ( l i p i d bodies) 
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scutellum. Two layers o f elongated c e l l s , the s c u t e l l a r 
e p i t h e l i a l c e l l s , are present. The c e l l s are i n f a c t 
rather more elongated than i s i n d i c a t e d here, due t o the 
angle a t which the s e c t i o n was c u t . Beneath the e p i t h e l i a l 
layers are the l a r g e r , i s o d i a m e t r i c sub-scutellar c e l l s . 
The c e l l w a l l s are r e l a t i v e l y t h i n , as might be expected 
i n an absorptive t i s s u e , and there i s l i t t l e e x t r a c e l l u l a r 
space w i t h i n the scutellum or embryo (<10?6 of the t o t a l 
embryo volume). 
The s c u t e l l a r c e l l s contain large numbers o f spherosomes 
( l i p i d b o d i e s ) ; the m a j o r i t y of the l i p i d s required f o r 
germination are stored i n the scutellum (Dure, 1960)• 
However, these i n c l u s i o n s are r a t h e r fewer i n c e l l s f u r t h e r 
from the absorptive surface ( f i g u r e 4.7a), and more or less 
abs&ct i n the shoots and r o o t s . Thus, although the c y t o -
plasm apparently only occupies a small p r o p o r t i o n o f the 
t o t a l c e l l volume o f the e p i t h e l i a l c e l l s , t a k i n g the embryo 
as a whole a t l e a s t h a l f the c e l l u l a r space appears t o be 
fr e e cytoplasm. 
The scutellum also contains numerous p r o t e i n bodies. 
While the p r o t e i n bodies i n the 24 h s c u t e l l a r e p i t h e l i u m 
appear t o be r a t h e r f u l l o f p r o t e i n ( f i g s . 4.5 and 4.6a), 
i n d i c a t i n g l i t t l e d i g e s t i o n , the p r o t e i n bodies of the 
subscutellar layers are r e l a t i v e l y empty ( f i g s . 4.5 and 4.6b). 
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I t i s of course possible t h a t the emptiness of these p r o t e i n 
bodies i s an a r t e f a c t of preparation, although t h i s seems 
u n l i k e l y t o be the case considering the methods of f i x a t i o n 
used (N. H a r r i s , personal communication), and the f a c t t h a t 
the p r o t e i n bodies i n the e p i t h e l i a l layers remain f u l l , 
despite being subjected t o the same f i x a t i o n methods. I t 
has been reported elsewhere t h a t the p r o t e i n bodies of b a r l e y 
s c u t e l l a can empty w i t h i n 24 h (Nieuwdorp & Buys, 1964; 
Zamski, 1973). 
Examination of s c u t e l l a r c e l l s f u r t h e r from the 
absorptive surface shows t h a t , here, the p r o t e i j i bodies are 
g r e a t l y expanded yet s t i l l r e l a t i v e l y empty, such t h a t they 
begin t o resemble a t y p i c a l c e n t r a l vacuole ( f i g s . 4.7a & b ) . 
Empty vacuoles are also present i n the r o o t and shoot 
t i s s u e s , Thus, even a f t e r only 24 h of germination, there 
seems t o be a considerable amount of f r e e space w i t h i n the 
p r o t e i n bodies/vacuoles which would presumably be a v a i l a b l e 
f o r the storage of metabolites. 
4.4 Discussion 
The amount of Sar-Gly accumulated by b a r l e y embryos 
i s r e l a t i v e l y small. Consequently e s t i m a t i o n by dansyl 
c h l o r i d e i s only l i k e l y t o be accurate t o ± 20%. However, 
t h i s lack o f accuracy, while making i t impossible t o 
perform c e r t a i n experiments, does not a f f e c t any of the 
general conclusions drawn from the data. 
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For the purposes of t h i s discussion i t i s assumed t h a t 
once absorbed by the scutellum # peptides, and the amino acids 
derived from them, are evenly d i s t r i b u t e d throughout the 
embryo. There i s a c e r t a i n amount of evidence t o suggest 
t h i s i s the case (section 3.1.3.3). I n a d d i t i o n , the c e l l s 
of the embryo are assumed t o be i d e n t i c a l i n t h e i r a b i l i t y 
t o absorb and hydrolyse peptides. 
Sar-Gly i s taken up i n t a c t by b a r l e y embryos. W i t h i n 
the c e l l a p r o p o r t i o n of the peptide i s hydrolysed t o i t s 
c o n s t i t u e n t amino acids, although a threshold l e v e l of 
peptide seems t o be required before h y d r o l y s i s can commence. 
However, the uptake of t h i s peptide e x h i b i t s a number of 
rather anomalous c h a r a c t e r i s t i c s . The p o s s i b i l i t y t h a t i t s 
entry i n t o the c e l l i s independent of the peptide t r a n s p o r t 
system must the r e f o r e be considered. 
4.4.1. Sarcosylqlycine i s not Bound E x t r a c e l l u l a r l v 
A c e r t a i n p r o p o r t i o n of the b a r l e y scutellum i s occupied 
by e x t r a c e l l u l a r space, i n c l u d i n g the c e l l w a l l . The p o s s i b i l i t y 
t h a t i n t a c t uptake of Sar-Gly i s the r e s u l t of b i n d i n g t o 
s p e c i f i c e x t r a c e l l u l a r s i t e s , r a t h e r than uptake across the 
plasmalemma, should th e r e f o r e be considered. However, f o r a 
number of reasons t h i s seems u n l i k e l y : 
( i ) The e x t r a c e l l u l a r space only occupies a l i m i t e d 
p r o p o r t i o n (less than 10%) of the t o t a l embryo volume 
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( s e c t i o n 4.3.5). Thus, the observed concentration of Sar-Gly 
w i t h i n the embryo as a whole (1.1 f r e s h wt.) would 
represent a concentration of a t l e a s t 10 nm/ml i f t o t a l l y 
confined t o the e x t r a c e l l u l a r space. This i s f i v e times 
the medium concentration, and t h e r e f o r e represents 
considerable accumulation against a gradient. However, the 
accumulated Sar-Gly i s r e a d i l y leached from the embryo. 
This i s d i f f i c u l t t o e x p l a i n i f the peptide i s indeed 
bound e x t r a c e l l u l a r l y against a concentration gradient. 
( i i ) During incubation w i t h 2 mM Sar-Gly, the amount of 
i n t a c t peptide which can accumulate i s l i m i t e d (no f u r t h e r 
uptake occurs a f t e r about 4 h i n c u b a t i o n ) • I n terms of 
e x t r a c e l l u l a r b i n d i n g t h i s would seem to be due t o the 
occupation of a l l t h e a v a i l a b l e b i n d i n g s i t e s . Why then, 
do more s i t e s apparently become a v a i l a b l e t o bind Sar-Gly 
as the medium concentration i s increased? 
( i i i ) P h y s i o l o g i c a l peptides do not appear t o be bound 
i n the e x t r a c e l l u l a r space; i n t a c t accumulation i s not 
i 
observed. This may be due t o t h e i r r a p i d removal from the 
binding s i t e s as ja p r e l i m i n a r y t o t r a n s p o r t . However, t h i s 
explanation seems u n l i k e l y as D-peptides, which are not 
transported, also) show no i n t a c t accumulation. Thus, i f 
Sar-Gly i s bound W i t h i n the c e l l w a l l , the b i n d i n g s i t e must 
be very s p e c i f i c . I t seems u n l i k e l y t h a t such a s p e c i f i c 
binding s i t e w i l l e x i s t . 
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Thus, the accumulation of i n t a c t Sar-Gly seems u n l i k e l y 
t o be the r e s u l t of e x t r a c e l l u l a r b i n d i n g . The peptide i s 
almost c e r t a i n l y taken up i n t a c t , across the plasmalemma. 
4.4.2 Evidence f o r a Second Transport System 
I f Sar-Gly were handled by the peptide t r a n s p o r t system 
characterized p r e v i o u s l y , other peptides might be expected 
t o compete f o r , and the r e f o r e i n h i b i t , uptake. However, 
although o v e r a l l uptake (Sar-Gly plus f r e e sarcosine) i s 
indeed reduced by several p h y s i o l o g i c a l peptides, the k i n e t i c s 
of i n h i b i t i o n do not suggest d i r e c t competition f o r a s i n g l e 
t r a n s p o r t system. Only the production of free sarcosine i s 
i n h i b i t e d ; uptake of the i n t a c t peptide remains completely 
unaffected. Thus, the i n i t i a l r a t e of Sar-Gly uptake, and the 
t o t a l amount of peptide which can be accumulated, are not 
affected by the presence of G l y - I l e . 
The simplest explanation f o r t h i s anomalous behaviour 
i s t o propose t h a t Sar-Gly (and the other N-methylated 
peptides tested) enters the c e l l through a t r a n s p o r t system 
(system B) which i s d i s t i n c t from the general peptide 
tr a n s p o r t system (system A ) . The possible arrangement of 
these two systems w i t h i n the c e l l i s discussed below 
(section 4.4.7). Although i t seems t h a t a considerable 
pr o p o r t i o n of Sar-Gly uptake i s mediated by system B, the 
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p o s s i b i l i t y t h a t a c e r t a i n p r o p o r t i o n might also enter v i a 
system A (however u n l i k e l y ; s e c t i o n 4.4.7) cannot be 
eliminated. 
4.4.3 I n t a c t Sarcosylglycine Uptake i s a Passive Process 
I t can be cal c u l a t e d t h a t , whatever the e x t r a c e l l u l a r 
concentration, i n t a c t Sar-Gly accumulates t o an equivalent 
concentration i n t r a c e l l u l a r l y , assuming t h a t about 60% of 
the tissue volume i s a v a i l a b l e t o the peptide. Judging 
from e l e c t r o n micrographs t h i s seems t o be a reasonable 
assumption ( s e c t i o n 4.3.5). A s i m i l a r e q u i l i b r i u m i s noted 
f o r i n t a c t Sar-Gly-Gly uptake. The non-equilibrium l e v e l s 
of i n t a c t Sar-Ser accumulated may w e l l r e f l e c t i t s 
p a r t i c u l a r s u s c e p t i b i l i t y t o peptidase a c t i o n , as evinced 
by the high l e v e l s of f r e e sarcosine produced ( t a b l e 4.1). 
DNP, which causes f r e e amino acids and peptides t o 
e q u i l i b r a t e across the membrane (sections 3.3.3.2; 4.3.4), 
does not a f f e c t i n t a c t Sar-Gly uptake, i n d i c a t i n g t h a t Sar-Gly 
achieves e q u i l i b r i u m of i t s own accord. DNP also permits the 
i n t a c t uptake of t r i a l a n i n e and d i g l y c i n e , again apparently 
due t o e q u i l i b r a t i o n across the membrane. The l e v e l s of 
these p h y s i o l o g i c a l peptides which accumulate w i t h i n the 
embryo are s i m i l a r t o those achieved by Sar-Gly i n the 
absence of DNP. This again i n d i c a t e s t h a t , under normal 
conditions, i n t a c t Sar-Gly w i t h i n the embryo i s a t e q u i l i b r i u m 
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w i t h the e x t e r n a l medium. 
I n a d d i t i o n , i t seems t h a t the i n t a c t uptake of 
Sar-Gly does not re q u i r e a supply of metabolic energy. The 
uptake of peptides v i a the peptide t r a n s p o r t system (system 
A) i s prevented by a range of metabolic i n h i b i t o r s (sections 
3.1.3.10; 4.3.3). However, these same i n h i b i t o r s have no 
e f f e c t on the i n t a c t uptake of Sar-Gly (although they do 
reduce the amount of sarcosine appearing i n the embryo). 
Thus, the uptake of i n t a c t Sar-Gly, v i a system B, seems t o 
be a passive process, reaching e q u i l i b r i u m ( w i t h a 2 raM 
external s o l u t i o n ) w i t h i n 3-4 h. 
4.4.4 The I n t a c t Uptake of Sarcosylglycine i s C a r r i e r 
Mediated 
Although the i n t a c t uptake of Sar-Gly seems t o be the 
r e s u l t of passive e q u i l i b r a t i o n across the membrane, i t 
appears t h a t t h i s process i s mediated. 
Sar-Gly uptake shows a pronounced pH optimum. There 
i s no obvious change i n peptide p r o t o n a t i o n which occurs i n 
t h i s pH range. I t th e r e f o r e seems most l i k e l y t h a t t h i s 
optimum i s due t o a change i n the s t a t e of pro t o n a t i o n 
of a membrane c a r r i e r p r o t e i n . Many peptides containing D-amino 
acids do not accumulate i n t a c t i n the embryo, and n e i t h e r do 
t h e i r h y d r o l y s i s products appear (section 3.2.5). Thus, the 
plasmalemma does not seem t o be generally permeable t o 
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peptides? t r a n s p o r t , i f i t occurs, must be mediated. 
S i m i l a r l y , D-peptides, u n l i k e t h e i r L- counterparts, 
do not e q u i l i b r a t e across the membrane i n the presence of 
DNP. Movement across the membrane, even i n the presence 
of DNP, seems t o re q u i r e the operation of a s p e c i f i c 
t r a n s p o r t system. 
Thus, system B, which mediates the i n t a c t uptake of 
Sar-Gly by ba r l e y embryos, seems t o operate by a process 
of f a c i l i t a t e d d i f f u s i o n . The system appears t o be q u i t e 
d i s t i n c t from the peptide t r a n s p o r t system previously 
characterized. The possible l o c a t i o n s and r o l e s of these 
two systems are discussed below (section 4.4.7). 
4.4.5 I n h i b i t i o n of Peptidase A c t i v i t y 
The f a c t t h a t the production of f r e e sarcosine from 
Sar-Gly i s i n h i b i t e d by G l y - I l e , while i n t a c t Sar-Gly 
uptake remains unaffected, has a number of important 
i m p l i c a t i o n s concerning the l o c a t i o n of peptidases w i t h i n 
the c e l l . Two possible s i t u a t i o n s may be envisaged: 
( i ) Sar-Gly transported by system B i s inaccessible t o 
peptidase a c t i v i t y . I n t h i s case, a c e r t a i n p r o p o r t i o n of 
Sar-Gly uptake ( i . e . t h a t component which i s hydrolysed) 
must be mediated by system A. The i n h i b i t o r y e f f e c t s of 
G l y - I l e on the h y d r o l y s i s o f Sar-Gly can then be simply 
explained by i t s a b i l i t y t o i n h i b i t the uptake of Sar-Gly 
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v i a system A, preventing i t gaining access t o the peptidases. 
Such a model would r e q u i r e t h a t e i t h e r the peptidases 
are an i n t e g r a l p a r t of t r a n s p o r t system A (the peptide 
tr a n s p o r t system), and consequently inaccessible t o peptides 
entering the c e l l by other means (previous evidence 
indicates t h i s i s not the case; se c t i o n 3.1.4.3), or t h a t 
Sar-Gly en t e r i n g the c e l l v i a system B enters a separate, 
peptidase-free compartment (see f i g . 4.8). A s i m i l a r model, 
i n v o l v i n g p a r a l l e l compartments, has been proposed t o 
explain c e r t a i n anomalies i n the t r a n s p o r t of sucrose by 
the maize scutellum (Garrard & Humphreys, 1969). However, 
there i s no c y t o l o g i c a l evidence f o r a p a r a l l e l arrangement 
of compartments w i t h i n the p l a n t c e l l , and evidence 
presented below (section 4.4.6) indi c a t e s t h a t , i f 
compartments e x i s t , they are more l i k e l y t o be arranged i n 
se r i e s . I n a d d i t i o n , i t seems u n l i k e l y t h a t a s i g n i f i c a n t 
proportion of Sar-Gly uptake i s mediated by system A ( s e c t i o n 
4.4.7). T h i s model i s therefore not considered f u r t h e r . 
( i i ) A l l Sar-Gly e n t e r i n g the c e l l has equal access 
t o the peptidases. The i n h i b i t i o n of Gly-Sar h y d r o l y s i s 
can best be explained here, by proposing t h a t G l y - I l e (and 
other p h y s i o l o g i c a l peptides) i n some way i n t e r f e r e s w i t h 
peptidase a c t i v i t y . Thus, i n the presence of G l y - I l e , the 
i n t a c t uptake of Sar-Gly v i a system B i s unaffected and an 
e q u i l i b r i u m c o n c e n t r a t i o n i s reached, as usual, w i t h i n the 
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c e l l . However, peptidase a c t i v i t y i s impaired and the 
production of f r e e sarcosine, by h y d r o l y s i s , d r a s t i c a l l y 
reduced. 
G l y - I l e could i n h i b i t the h y d r o l y s i s of Sar-Gly i n one 
of two ways; by d i r e c t competition f o r the a c t i v e s i t e ( s ) 
of the peptidases themselves, or by preventing Sar-Gly 
gaining access t o the peptidases. Although present i n f o r m a t i o n 
does not permit a d i s t i n c t i o n t o be made between these 
p o s s i b i l i t i e s , evidence t h a t the peptidases are compart-
mentalized w i t h i n the c e l l ( s e c t i o n 4.4.6.1) ind i c a t e s t h a t 
the l a t t e r i s a t l e a s t a p o s s i b i l i t y . This idea i s 
i n d i r e c t l y supported by the i n h i b i t o r y e f f e c t s of DNP and a 
number of other metabolic ' i n h i b i t o r s ' on the h y d r o l y s i s of 
Sar-Gly. Like G l y - I l e , these ' i n h i b i t o r s 1 do not a f f e c t the 
amount of i n t a c t Sar-Gly accumulated by b a r l e y embryos, 
although fhey d r a s t i c a l l y reduce the appearance of f r e e 
sarcosine. Again,hydrolysis seems t o be i n h i b i t e d . I t 
seems probable t h a t these ' i n h i b i t o r s ' e x e r t t h e i r e f f e c t s 
through a general r e d u c t i o n i n energy supply (sections 3.1.4.1; 
3.3.3.S). As the h y d r o l y s i s of a peptide bond i s not 
believed t o r e q u i r e a d i r e c t i n p u t of energyf 3^ i t seems most 
(a) However, i t must be pointed out t h a t there have been a 
number of recent r e p o r t s t h a t peptide h y d r o l y s i s may 
require a d i r e c t i n p u t of energy. These have y e t t o be 
explained (Goldberg & St. John, 1976; E t l i n g e r & 
Goldberg, 1977; Murakami e t a l . , 1977; St. John & 
Goldberg, 1978). 
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probable t h a t a redu c t i o n i n energy supply i n h i b i t s 
peptidase a c t i v i t y by preventing the a c t i v e t r a n s p o r t o f 
peptides i n t o a s u b c e l l u l a r compartment co n t a i n i n g the 
peptidases. 
4.4.6 Compartmentation W i t h i n the Embryo 
The d i f f e r e n t rates a t which various peptides and 
amino acids undergo exodus from the embryo suggest the 
existence of two d i s t i n c t compartments w i t h i n the c e l l . 
I n t a c t Sar-Gly leaks r a t h e r r a p i d l y from the embryo, w h i l e 
sarcosine, derived from i t by h y d r o l y s i s , i s re t a i n e d t o a 
much greater extent. I t i s proposed t h a t they are held i n 
compartments X and Y r e s p e c t i v e l y . 
The r e l a t i v e l y slow rates of exodus e x h i b i t e d by the 
endogenous pool amino acids, accumulated Gly-Sar, and amino 
acids accumulated as a r e s u l t o f the uptake and h y d r o l y s i s 
of p h y s i o l o g i c a l peptides, i n d i c a t e t h a t these compounds are 
also present i n compartment Y. Sar-Gly alone seems t o be 
retained w i t h i n compartment X. However, i n t a c t t r i a l a n i n e 
and d i g l y c i n e , accumulated by the etribryo i n the presence of 
DNP, also show the same exodus c h a r a c t e r i s t i c s as Sar-Gly; 
they too may be stored i n compartment X. 
I n t e r e s t i n g l y , Oaks (1965a) has also obtained evidence 
f o r two compartments w i t h i n the maize scutellum, based on 
studies of leucine uptake and metabolism. 
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4.4.6.1 Compartmentation of Peptidases 
I t seems l i k e l y t h a t peptidases are r e s t r i c t e d t o 
compartment Y. Amino acids a r i s i n g from the h y d r o l y s i s 
of absorbed peptides, i n c l u d i n g sarcosine derived from 
Sar-Gly, leach r a t h e r slowly, suggesting they are both 
produced and stored i n compartment Y. I n a d d i t i o n , t r i -
alanine and d i g l y c i n e , accumulated i n t a c t i n the presence 
of DNP, undergo r a p i d exodus c h a r a c t e r i s t i c of compounds 
present i n compartment X. These peptides can only e x i s t 
i n t a c t i n compartment X i f i t i s devoid of peptidase 
a c t i v i t y . Further credence i s l e n t t o t h i s view by the 
r e s u l t s discussed previously (section 4.4.5) which i n d i c a t e 
t h a t Sar-Gly i n i t i a l l y enters a peptidase-free compartment 
and must be t r a n s f e r r e d t o a second compartment before 
hydrolysis can occur. 
4.4.6.2 Organization of Compartments 
The f a c t t h a t compounds present i n compartment X are 
more r e a d i l y leached than those i n Y, i n d i c a t e s t h a t X i s 
most l i k e l y t o be adjacent t o the plasmalerama. This view 
i s supported by the f a c t t h a t i n t a c t Sar-Gly uptake can 
occur. I f compartment Y, c o n t a i n i n g peptidases, separated 
X from the plasmalemma, Sar-Gly would be hydrolysed before 
i t could enter the peptidase-free compartment X. 
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4.4.7 Models f o r Peptide u t i l i z a t i o n 
Two simple models ( f i g . 4.9) can be proposed which 
w i l l accommodate a l l the above data, e x p l a i n i n g both the 
evidence f o r compartmentation and the i n h i b i t o r y e f f e c t s 
of G l y - I l e and metabolic • i n h i b i t o r s ' on Sar-Gly h y d r o l y s i s . 
Model I 
Both t r a n s p o r t systems A and B are located i n the 
plasmalemma. Physiological peptides enter the c e l l v i a the 
peptide t r a n s p o r t system (system A), i n i t i a l l y e n t e r i n g 
compartment X (peptidase-free). However, these peptides 
are immediately t r a n s f e r r e d t o compartment Y (the h y d r o l y t i c 
compartment) v i a t r a n s p o r t system C, located i n the membrane 
separating the two compartments. The amino acids produced 
as a r e s u l t of peptidase a c t i v i t y remain i n compartment Y; 
the b u l k o f endogenous amino acids are also apparently 
stored i n t h i s compartment. 
Gly-Sar i s also handled by both systems A and C, y e t 
i s r e s i s t a n t t o hydrolase a c t i v i t y ; i t t h e r e f o r e 
accumulates i n t a c t i n compartment Y. 
Sar-Gly, l i k e a l l other peptides, i n i t i a l l y enters 
compartment X i n t a c t , although i t s uptake across the 
plasmalemma i s mediated by a second t r a n s p o r t system, 
system B, which operates by a process of f a c i l i t a t e d 
d i f f u s i o n . However, Sar-Gly i s a poor substrate f o r 
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transport system C, and i s therefore only t r a n s f e r r e d from 
compartment X to compartment Y a t a r e l a t i v e l y slow r a t e . 
I t can be replaced equally r a p i d l y by uptake from the 
medium, maintaining a constant pool of i n t a c t Sar-Gly 
within the embryo. That proportion of Sar-Gly which i s 
tra n s f e r r e d to compartment Y i s hydrolysed, the free 
sarcosine produced remaining within the h y d r o l y t i c compart-
ment. The e f f e c t s of DNP and G l y - I l e on Sar-Gly uptake can 
be explained as follows: these ' i n h i b i t o r s ' do not a f f e c t 
the uptake of Sar-Gly v i a system B, but prevent Sar-Gly 
entering the h y d r o l y t i c compartment Y, by i n h i b i t i n g 
transport system C. Thus, although h y d r o l y s i s i s unable to 
occur, Sar-Gly accumulates i n t a c t i n compartment X u n t i l 
equilibrium with the external medium i s reached. 
The p o s s i b i l i t y that a proportion of Sar-Gly uptake 
into compartment X i s mediated by system A cannot be 
eliminated. This does not a f f e c t the model. I t simply 
requires that G l y - I l e and DNP a l s o i n h i b i t transport system 
A, which they are known to do (sections 3.1.3.7; 3.1.3.10). 
However, i t seems u n l i k e l y that a s i g n i f i c a n t proportion of 
Sar-Gly uptake i s a c t u a l l y mediated by system A as d i g l y c i n e , 
which i s known to be a very poor competitive i n h i b i t o r of 
the peptide transport system (system A), i n h i b i t s the 
hydrolysis of Sar-Gly to a s i m i l a r extent as does G l y - I l e . 
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I f t h i s model i s c o r r e c t , what i s the p h y s i o l o g i c a l 
function of system B? I t does not seem to be a second 
peptide transport system as i t i s unable to handle any of 
the p h y s i o l o g i c a l peptides t e s t e d . S i m i l a r l y , the la c k of 
i n h i b i t i o n by amino acids i n d i c a t e s that i t i s not an amino 
ac i d permease (at l e a s t f or protein amino a c i d s ) . I t s 
handling of Sar-Gly i s probably fo r t u i t o u s ? such peptides 
are unknown i n b a r l e y . One possible natural substrate i s 
betaine (N-trimethylglycine) r e c e n t l y reported to be 
present i n germinating wheat i n very large q u a n t i t i e s 
(Chittenden e t al«, 1978). This question c l e a r l y requires 
further i n v e s t i g a t i o n . 
Model I I 
I n t h i s model i t i s proposed that transport systems A 
and B are located on d i f f e r e n t membranes. System B i s 
located on the membrane separating compartment X from the 
external environment and i s capable of handling p h y s i o l o g i c a l 
peptides as w e l l as Sar-Gly. I t operates by a passive 
d i f f u s i o n mechanism. Competition for uptake by t h i s system 
i s not observed as i t s capacity i s r e l a t i v e l y high compared 
with the peptide concentrations used. System A, however, 
i s located i n the membrane of compartment Y (the peptidase-
containing compartment) and the observed competition between 
peptides for uptake (section 3.1.3.7) i s a c t u a l l y competition 
for entry into t h i s compartment. 
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Ph y s i o l o g i c a l peptides enter compartment X p a s s i v e l y , 
v i a system B, and are then r a p i d l y removed into compartment 
Y by system A. Once i n compartment Y, h y d r o l y s i s takes 
place. I n t a c t peptides do not accumulate i n compartment X 
as they are t r a n s f e r r e d extremely r a p i d l y to compartment Y. 
Sar-Gly a l s o enters compartment X v i a system B. I n 
the absence of an i n h i b i t o r a proportion i s transported 
into compartment Y, by system A, where i t i s hydrolysed. 
G l y - I l e i n h i b i t s the h y d r o l y s i s of Sar-Gly by competing f o r 
transport system A, thus preventing i t gaining access to 
the hydrolases. 
4.4.8 I d e n t i t y of the Su b c e l l u l a r Compartments 
Although i t i s not yet possible to eliminate e i t h e r 
of the two models described above, both require the 
existence of two d i s t i n c t c e l l u l a r compartments, X and Y. 
Peptidase a c t i v i t y i s r e s t r i c t e d to compartment Y. What 
i s the p h y s i o l o g i c a l nature of these compartments? No d i r e c t 
evidence i s a v a i l a b l e to answer t h i s question, although 
c e r t a i n speculations can be made, based upon current 
understanding of the s u b c e l l u l a r compartmentation of plant 
c e l l s . 
Compartment X; A number of l i n e s of evidence suggest 
that compartment X i s the cytoplasm. F i r s t l y , compartment X 
apparently accounts f o r about 60% of the c e l l volume 
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( s e c t i o n 4.4.3). Only the cytoplasm occupies t h i s s o r t 
of proportion of the c e l l ( s e c t i o n 4.3.5). Secondly, 
compartment X separates Y from the e x t e r n a l medium ( s e c t i o n 
4.4.6.2). Again, the cytoplasm, with other organelles 
embedded w i t h i n i t , f u l f i l s t h i s r o l e . T h i r d l y , compartment 
X apparently l a c k s peptidases ( s e c t i o n 4.4.6.1). There i s 
now accumulating evidence to suggest that hydrolases are 
sequestered i n vacuoles, and the cytoplasm may therefore be 
r e l a t i v e l y f r e e of such enzymes (see below) . 
Compartment Y: I t seems l i k e l y t h a t compartment Y 
i s one (or more) of the organelles embedded w i t h i n the cyto-
plasm of the c e l l . Although many types of organelle are 
found i n plant c e l l s , most can be given s p e c i f i c functions 
(e.g. peroxisome, glyoxysome) and occupy such a small 
proportion of the c e l l volume that they are u n l i k e l y to be 
s i g n i f i c a n t i n r e l a t i o n to peptide uptake. Both plant 
mitochondria (Day & Wiskich, 1977) and c h l o r o p l a s t s (Nobel 
& Cheung, 1972; McLaren & Barber, 1977) are known to take 
up amino aci d s v i a s p e c i f i c c a r r i e r s . However, the absence 
of any obvious reason why these organelles should absorb 
or accumulate peptides, together with the r e l a t i v e l y small 
proportion of the t o t a l c e l l volume which they occupy i n 
barley embryos, suggests they w i l l be of l i t t l e s i g n i f i c a n c e 
here. 
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The organelles most l i k e l y to correspond with 
compartment Y are the various components of the vacuolar 
system. Although mature plant c e l l s t y p i c a l l y have a s i n g l e , 
large c e n t r a l vacuole, recent studies have shown that a 
whole range of smaller v e s i c l e s , most commonly present i n 
immature plant c e l l s , are ontogenetically r e l a t e d to the 
main c e l l vacuole. Such v e s i c l e s often have rather 
s p e c i a l i z e d functions, y e t are able to fuse both with each 
other and the c e n t r a l vacuole, one type of v e s i c l e commonly 
being derived from another. Together with the c e n t r a l 
vacuole, these v e s i c l e s form the vacuolar system, often 
considered analogous to the animal lysosomal system (Matile, 
1975, 1976, 1978). 
Although from a s i z e point of view, vacuoles are c l e a r l y 
an important organelle i n many plant t i s s u e s , l i t t l e d i r e c t 
evidence for t h e i r involvement i n s u b c e l l u l a r compartmentation 
has been obtained. This i s mainly due to the l a b i l e nature 
of the tonoplast and the consequent d i f f i c u l t i e s i n 
i s o l a t i n g i n t a c t vacuoles. 
I t i s w e l l known that vacuoles may accumulate substances, 
including amino a c i d s , against a concentration gradient 
(Matile, 1976). This implies t h a t metabolites can be 
s e l e c t i v e l y and a c t i v e l y transported across the tonoplast, 
although the suggestion t h a t the amino a c i d s i n the vacuole 
may not be i n an osmotically a c t i v e form ('.Matile, 1978) 
leaves t h i s conclusion i n some doubt. However, i s o l a t e d 
vacuoles of yeast (Boiler e t a l . , 1975) and a higher p l a n t , 
Hevea b r a s i l i e n s i s (Hanower e t a l . , 1977), do have s p e c i f i c 
amino ac i d transport systems, and i n the maize scutellum 
there are suggestions that sucrose i s a c t i v e l y transported 
across the tonoplast (Humphreys, 1973). Animal lysosomes 
may even be able to absorb peptides (Coffey & de Duve, 1968? 
Lloyd, 1971; Goldman, 1973? Bouma et a l . , 1976). 
I n germinating b a r l e y embryos, the most important 
component of the vacuolar system would seem to be the protein 
bodies which eventually fuse to give r i s e to the l a r g e r , 
more t y p i c a l vacuoles of plant c e l l s . 
Although a f t e r only 24 h of germination the protein 
bodies might be expected to be f u l l of protein,' with l i t t l e 
free space i n which to accumulate free amino a c i d s , e l e c t r o n 
micrographs i n d i c a t e t h a t w i t h i n the seedling as a whole 
there i s considerable vacuolar space ( s e c t i o n 4.3.5). I n 
addition, the protein bodies of 24 h b a r l e y s c u t e l l a have 
been reported to be r e l a t i v e l y empty (Nieuwdorp & Buys, 1964; 
Zamski, 1973) and i n 4-day maize s c u t e l l a , the vacuoles 
apparently occupy 70% of the c e l l volume (Humphreys, 1973). 
I t i s therefore f e a s i b l e that the bulk of the free amino 
acids of the b a r l e y embryo are stored w i t h i n the vacuolar 
system, and t h a t t h i s i a synonymous with compartment Y. 
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Further evidence that compartment Y i s part of the 
vacuolar system i s provided by the d i s t r i b u t i o n of 
peptidases w i t h i n the c e l l . Compartment Y contains the 
s c u t e l l a r peptidases. S i m i l a r l y , i t seems t h a t the vacuolar 
system, and i n p a r t i c u l a r the protein bodies, form the 
hy d r o l y t i c compartment of plant c e l l s . Endopeptidase 
a c t i v i t y i s apparently l o c a l i z e d w i t h i n the p r o t e i n bodies 
of peas (Matile, 1968), castor beans (Nishimura & Beevers, 
1978, 1979), sorghum (Adams & Novellie, 1975b) and b a r l e y 
(Ory & Henningsen, 1969), and i n the mature vacuoles from 
several species (Heftmann, 1971? Matile & Winkeribach, 1971; 
Parish, 1975). Carboxypeptidase a l s o seems to be a vacuolar 
enzyme (Nishimura & Beevers, 1978). I n c e r t a i n mature 
vacuoles p r o t e o l y t i c enzymes have been reported as absent 
(Butcher e t a l . , 1977), although t h i s may r e f l e c t e i t h e r 
s p e c i a l i z a t i o n or a change i n function during vacuolar 
development. Thus, i f the vacuolar system i s indeed the 
hydrolytic compartment of the plant c e l l , i t would seem, 
perhaps naively, t h a t compartment Y i s a l s o p a r t of t h i s 
system. 
However, although proteases are apparently located w i t h i n 
the vacuolar system, nothing i s known concerning the sub-
c e l l u l a r l o c a t i o n of peptidases w i t h i n the b a r l e y scutellum. 
Although one might expect them to be sequestered i n the 
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h y d r o l y t i c compartment, the pH optima of the peptidases 
puts t h i s assumption i n doubt. The vacuolar f l u i d i s 
generally considered to be maintained a t about pH 4.0 
(Kurkdjian & Guern, 1978) and those enzymes known to be 
present i n the vacuoles have a c i d i c pH optima ( s e c t i o n 
1.3.4.1). However, b a r l e y peptidases have pH optima a t 
about pH. 8.0 (se c t i o n 1.3.4.4). Unless further enzymes 
remain to be characterized, i t seems that, i f b a r l e y 
peptidases are located w i t h i n the vacuolar system, the 
system i t s e l f must be compartmentalized to provide a sub-
environment a t a l k a l i n e pH. I t i s w e l l known t h a t the plant 
c e l l does indeed contain a v a r i e t y of d i f f e r e n t types of 
v e s i c l e , probably part of the vacuolar system, which may 
have s p e c i a l i z e d i n t e r n a l environments. One such species 
of v e s i c l e , the spherosome, i s p a r t i c u l a r l y abundant i n the 
barley scutellum ( s e c t i o n 4.3.5). Spherosomes are small, 
s p h e r i c a l v e s i c l e s characterized by t h e i r high l i p i d content, 
and believed to be the s i t e of l i p i d storage i n seeds. 
However, considerable d i v e r s i t y i s found amongst t h i s group 
of organelles and t h e i r functions are only poorly understood. 
They are believed to origin a t e from the endoplasmic 
reticulum and to be part of the vacuolar system (Buttrose, 
1963a,b; Frey-Wyssling e t a l . , 1963) and there have been 
suggestions t h a t they too are involved i n protein h y d r o l y s i s . 
Spherosomes are often found i n very c l o s e a s s o c i a t i o n with 
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protein bodies (Buttrose, 1963b? Paleg & Hyde, 1964? 
Jones, 1969a,b,c? Jacobsen e t a l . , 1971; Adams & 
Novellie, 1975a). i t has even been suggested that t h e i r 
membrane may be continuous with that of the p r o t e i n bodies 
(Buttrose, 1971). I n addition, s e v e r a l reports t h a t they 
contain proteases have appeared (Matile et a l . , 1965; 
Semadeni, 1967; Matile & Spichiger, 1968; Adams & 
Novellie, 1975b). 
I t i s therefore tempting to speculate t h a t spherosomes, 
and r e l a t e d v e s i c l e s , might be s p e c i a l i z e d components of the 
vacuolar system, permitting the operation of enzymes under 
conditions (e.g. of pH) not prevalent i n the major vacuolar 
c a v i t i e s . The f a c t t h a t spherosomes are apparently only 
surrounded by a h a l f - u n i t membrane (Schwarzenbach, 1971; 
Yatsu & Jacks, 1972) has a number of i n t e r e s t i n g implications 
i f s p e c i f i c transport into and out of the v e s i c l e s can be 
demonstrated. 
A f u r t h e r p o s s i b l e i d e n t i t y for compartments X and Y 
should a l s o be mentioned. There i s a c e r t a i n amount of 
evidence to suggest tha t a space e x i s t s between plant c e l l w a l l s 
and the plasmalemma, analogous to the periplasmic space of 
Gram-negative b a c t e r i a (see Matile, 1975). I t i s p o s s i b l e 
that compartments X and Y represent the 'periplasmic space' 
and the cytoplasm, r e s p e c t i v e l y . This would e n t a i l the 
existence of ' p o r i n - l i k e ' systems (Benz e t a l . , 1978; 
Lugteriberg e t a l . , 1978; Nakae & I s h i i , 1978) for t r a n s -
porting molecules into the 'periplasmic space'. There i s 
no evidence for such systems i n plant c e l l s . Indeed, i t 
seems u n l i k e l y {hat there i s any r e s t r i c t i o n of access to 
the plasmalemma, a t l e a s t for small molecules. The 
involvement of such an e x t r a c e l l u l a r compartment therefore 
seems rather u n l i k e l y . 
Thus, i t seems l i k e l y that compartments X and Y 
represent the cytoplasm and vacuolar system r e s p e c t i v e l y , 
although i t i s not yet c l e a r whether Y might represent the 
whole of the vacuolar system or simply a s p e c i a l i z e d 
component of i t (e.g. spherosome; protein body). A more 
def i n i t e i d e n t i f i c a t i o n of the s u b c e l l u l a r compartments 
involved i n peptide u t i l i z a t i o n awaits a c l e a r e r understanding 
of the h y d r o l y t i c compartment of plant c e l l s , together with 
more d i r e c t evidence (e.g. radioautography, fluorescence 
microscopy) as to the s i t e s of peptide storage and h y d r o l y s i s . 
4.4.9 Compartmentation a t the C e l l u l a r L e v e l 
One a l t e r n a t i v e must a l s o be considered. I t has been 
assumed that the compartments detected represent s u b c e l l u l a r 
compartments. However, the b a r l e y embryo comprises a number 
of t i s s u e s , each with various s u b c e l l u l a r compartments and 
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l e v e l s of peptidase a c t i v i t y . Although i t seems that, 
once absorbed, peptides are evenly d i s t r i b u t e d throughout 
the embryo ( s e c t i o n 3.1.3.3), the p o s s i b i l i t y that the 
observed compartmentation represents compartmentation 
between t i s s u e s , rather than w i t h i n the c e l l , must be borne 
i n mind. 
4.5 Conclusions 
The u t i l i z a t i o n of peptides by the b a r l e y embryo i s 
c l e a r l y rather more complicated than has been assumed 
hitherto. Peptides seem to enter the cytoplasm i n t a c t and 
must be transported into a s u b c e l l u l a r compartment (probably 
part of the vacuolar system), before h y d r o l y s i s can occur. 
Peptidases do not appear to be f r e e i n the cytoplasm but 
sequestered i n a membrane-bound compartment. However, these 
complications do not s i g n i f i c a n t l y a f f e c t the conclusions 
reached previously concerning the b a r l e y peptide transport 
system; they simply put i n doubt the o r i g i n a l assumption 
that the transport system i s located i n the plasmalemma. 
Two models have been proposed to e x p l a i n the presented 
data. Although the s i m p l i c i t y of model I I makes i t 
possibly more a t t r a c t i v e , neither model can be discounted 
on present evidence. A c l a r i f i c a t i o n of the s i t u a t i o n w i l l 
require a d d i t i o n a l approaches (e.g. studies on i s o l a t e d 
o r g a n e l l e s ) . However, both models require tha t a peptide 
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transport system operates i n an i n t r a c e l l u l a r (vacuolar?) membrane, 
as w e l l as i n the plasmalemma. This p o s s i b i l i t y c e r t a i n l y 
merits f u r t h e r a t t e n t i o n as no convincing demonstration 
of a transport system i n the plant vacuolar membrane has yet 
been achieved. I f , as seems po s s i b l e , t h i s transport system 
i s a c t u a l l y located i n the membrane of protein bodies or 
spherosomes, the r e l a t i v e ease with which these bodies can 
be i s o l a t e d would seem to make i t an i d e a l system for study. 
The p o s s i b i l i t y of a peptide transport system i n the membrane 
of protein bodies a l s o has a number of important i m p l i c a t i o n s 
for the digestion of storage proteins i n a l l seeds ( s e c t i o n 
6.6.2.3). 
I t must be s t r e s s e d that the conclusions reached i n 
t h i s chapter are mainly based upon i n d i r e c t evidence. 
Although the models proposed are the simplest explanation of 
the r e s u l t s , they may not be the only possible i n t e r p r e t a t i o n s 
and should therefore be regarded as t e n t a t i v e . However, i t 
i s c l e a r t h a t the s i t u a t i o n i n b a r l e y i s rather more complex 
than has so f a r been demonstrated for other peptide transport 
systems. I t should prove i n s t r u c t i v e to compare the 
r e l a t i o n s h i p between peptide transport and peptidase a c t i v i t y 
i n such a compartmentalized system, with the s i t u a t i o n i n 
'one-compartment1 c e l l s such as E . c o l i . I n addition, the 
r e s u l t s obtained here have considerable i m p l i c a t i o n s f or 
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the study of peptide transport i n other eukaryotic systems 
such as yeast and the mammalian gut. I t i s hoped that these 
models w i l l serve as a b a s i s f or further s t u d i e s , not only 
i n barley, but a l s o i n other eukaryotes. 
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CHAPTER 5 
THE PEPTIDE POOLS OF GERMINATING BARLEY GRAINS 
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5.1 I n t r o d u c t i o n 
The existence of a trnnsport system which w i l l accotnttiO-
date peptides does not prove that t h i s i s i t s r o l e i n vivo, 
or that the transport of peptides i s of any p h y s i o l o g i c a l 
importance. I t i s possible, i n p r i n c i p l e , that the peptide 
transport system of the barley scutellum functions to 
transport s p e c i a l i z e d peptides (e.g. hormones), or even 
non-peptide m a t e r i a l , and that i t s a b i l i t y to handle 
physiological peptides i s purely f o r t u i t o u s . I n order to 
demonstrate the physiological importance of the transport 
system i t i s necessary to show that appropriate substrates 
are a v a i l a b l e at the r i g h t time and i n the c o r r e c t concen-
t r a t i o n s . Thus, the p o s s i b i l i t y that a peptide pool i s 
produced i n the barley endosperm, during germination, was 
investigated. 
There i s a c e r t a i n amount of i n d i r e c t evidence for the 
existence of peptide pools i n plant t i s s u e s , including the 
c e r e a l endosperm (s e c t i o n 1.2.3)* although few, i f any, of 
these reports can be regarded as conclusive. This i s 
generally a r e f l e c t i o n of the rather u n c r i t i c a l techniques 
which have been employed-
The experimental ' d e f i n i t i o n ' of plant peptides has 
normally been based on three c r i t e r i a : ( i ) they are 
soluble i n various reagents which might be expected to 
p r e c i p i t a t e any proteins (e.g. TCA, 80# ethanol); 
( i i ) they contain organic or <x-amino nitrogen; ( i i i ) f r e e 
amino acids are released during h y d r o l y s i s . C l e a r l y , such 
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c r i t e r i a could be subject to a number of i n t e r p r e t a t i o n s . 
The non-amino acid,cx-an,ino nitrogen f r a c t i o n s , remaining 
a f t e r p r o t e i n p r e c i p i t a t i o n , have of t e n been termed 'peptide 
f r a c t i o n s 1 w i t h l i t t l e r e a l j u s t i f i c a t i o n . The size of pep-
tid e s remaining a f t e r p r e c i p i t a t i o n w i l l vary considerably, 
depending upon the reagents and conditions employed. Large 
polypeptides and proteins may also remain i n s o l u t i o n ; 
hydrolysis of a few such molecules would r e s u l t i n s u f f i c i e n t 
amino acids to lead to the assumption that a large pool of 
small peptides i s present. 
Plant extracts may also contain much soluble, non-peptide, 
nitrogenous m a t e r i a l . The release of f r e e amino acids on 
hydrolysis may provide 'confirmation 1 of the presence of pep-
t i d e s , although even t h i s i s subject to e r r o r . For example, 
high levels of non-protein, 'bound* amino acids were reported 
present i n ryegrass leaves (Synge, 195D• Although these com-
pounds released fre e amino acids on h y d r o l y s i s , they eventually 
proved to be N-acylnted amino acids rather than peptides 
(Synge & Wood, 1958). 
A f u r t h e r possible source of err o r i n many studies which 
has not often been considered, i s the production (or removal) 
of peptides during e x t r a c t i o n (Synge # Youngson, 196l). Both 
enzymic cleavage and non-enzymic h y d r o l y s i s , by a c i d i c or 
alk a l i n e e x t r a c t a n t s , may be important• 
Thus, a procedure was developed f o r the e x t r a c t i o n and 
p u r i f i c a t i o n of barley peptides i n an attempt to avoid the 
possible ambiguities discussed above. Three stages were 
involved; e x t r a c t i o n , p u r i f i c a t i o n , and f i n a l l y the i d e n t i -
f i c a t i o n and c h a r a c t e r i z a t i o n of the i s o l a t e d peptides. 
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5.2 Materials and Ms&ftsds 
Unless otherwise stated, a l l materials were as des-
cribed previously (section 2.2). A l l other reagents were 
of a n a l y t i c a l grade, 
Centrifugations were performed using an M.S.E. Minor 
(l>500g) or a Gelman HawVrsley Haematocrit (10,000g). 
5.2.1 Tissue Ext?ra<?t?lon 
Barley grains were surface s t e r i l i z e d and germinated 
i n a spray room as described previously (s e c t i o n 2.3*1)• 
After appropriate periods of germination, s i x t y seedlings 
were removed, the embryos and endosperms separated, b l o t t e d 
dry and weighed. Tissues were r a p i d l y ground i n a l i t t l e 
acetic acid (5M), q u a n t i t a t i v e l y recovered, and the volume 
made up to 12ml (9ml f o r embryos) w i t h acetic acid (5M) 
preheated to 100°C. Extraction was at 100°C f o r 20 min, 
i n a stoppered tube to prevent evaporation. Extracts 
were ce n t r i f u g e d f o r 10 min at l,500g, the supernatant 
solutions recovered and evaporated to dryness on a r o t a r y 
evaporator (Buchi: Rotavapor-R). The residues were r e -
dissolved i n HC1 (0.01>i i n deionized water; h a l f the 
o r i g i n a l volume) and the pH adjusted to pH 2.0 w i t h 
5M HC1. Undissolved m a t e r i a l was removed by c e n t r i -
fugation (2 min, 10,000g) and the extracts stored at 
-20°C u n t i l r e q uired. 
Ethanol and TCA extracts were s i m i l a r l y prepared, 
replacing 5M acetic acid w i t h S0% (v/v) aqueous ethanol 
or 10% (w/v) TCA r e s p e c t i v e l y . 
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5.2.2 Peptide P u r i f i c a t i o n 
The high v i s c o s i t y of embryo and endosperm e x t r a c t s , 
due to the high l e v e l s of carbohydrate present, were 
found to a f f e c t the subsequent separation of peptides by 
gel-exclusion chromatography. Thus, the extracts were 
' p u r i f i e d 1 by ion-exchange chromatography p r i o r to 
separation. This step also removed c e r t a i n non-peptide 
material which otherwise i n t e r f e r e d w i t h the various assays 
used to q u a n t i f y the peptide pool (section 5•3•5) -
5.2.2.1 Ion-exchange Chromatography 
A column (bed volume 9.5ml) of Dowex 50W-X8 standard 
H"*" ion-exchange r e s i n (B.D.H. Ltd.) was thoroughly washed 
with deionized water, e q u i l i b r a t e d w i t h HC1 (G.Olfo, i n 
deionized water; pH 2.0) and 1.0ml of extract ( i n HC1, 
pH 2) added. Unbound mate r i a l was eluted w i t h three bed 
volumes of HC1 (0.01M i n deionized water), followed by 
two bed volumes of deionized water, and discarded. Com-
pounds bound to the column ( i n c l u d i n g amino acids and 
peptides) were eluted w i t h four bed volumes of ammonia 
(3M i n deionized water). Eluate was evaporated to dryness 
i n a r o t a r y evaporator at *+0°C, d i l u t i n g w i t h several 
volumes of deionized water before complete evaporation was 
reached, to prevent a l k a l i n e hydrolysis of peptide bonds. 
The residues were redissolved i n 1.5ml PBS (phosphate 
buffered s a l i n e : 0.1M NaCl i n deionized water, buffered 
w i t h 0.01M sodium phosphate, pH 7.0), c e n t r i f u g e d f o r 3 
min at 10,000g and the supernatant solutions recovered. 
These w i l l be r e f e r r e d to as p u r i f i e d extracts'. 
- 309 -
Hu&ln wns roKon«mte(i nffcer each nan w i t h HC1 (0.$M 
i n deionized water). 
5.2.2.2 Gel-Exclusion Chromatography 
Peptides i n the p u r i f i e d e x t r a c t s were f r a c t i o n a t e d 
on a Sephadex G-15 chromatography column (1.5 x 90cm) 
using PBS as an eluent. A constant flow r a t e (33*6ml/h) 
was maintained using a p e r i s t a l t i c pump (Varioperpex 
12,000, LKB L t d . ) . 
1.0ml samples of the p u r i f i e d extracts were loaded on 
to the column, el u t e d , and 2.8ml f r a c t i o n ? c o l l e c t e d . 
These are r e f e r r e d to below as G-15 f r a c t i o n s . 
Column C a l i b r a t i o n : A s o l u t i o n containing Blue Dextran 
2000 (Pharmacia) and NaBr (200jil; each at 0.5mg/ml) was 
applied to the column, eluted, and the O.D. of the e f f l u e n t 
monitored continuously at 206nm (Uvicord I I I 2089 dual 
channel spectrophotometer, LKB L t d . ) . The volumes at 
which the dextran and bromide eluted were taken to be the 
void volume (V 0) and the t o t a l e l u t i o n volume (V^) of the 
column, r e s p e c t i v e l y . The e l u t i o n volumes (Vp) of a 
number of known amino acids (200JJ1, 20mM) and peptides 
(200^1; ImM) were s i m i l a r l y determined and the K^ 8^ f o r 
each peptide c a l c u l a t e d . 
5.2.3 Analysis of G-15 Fractions 
5.2,3.1 Absorbance at 206nm 
The O.D. of each column f r a c t i o n was measured at 206nm 
(1 cm pathlength) using a Unlearn SP 500/Gilford 2000 
(a) Kd expresses th a t p o r t i o n of the column a v a i l a b l e to 
peptide but not dextran ( V p - V Q ) ? as a f r a c t i o n of 
the t o t a l i n t r a - p a r t i c l e volume (V^ - V Q ) . 
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f ; p c nt.rophotomut.er. D1?»l:m1n<;, dissolved i n column cluent 
(0-680^jM), was used as a standard. 
5.2.3-2 F i u p r e E C f l m l n e frnalY§\$ 
50yl and 200JJ1 samples of G-15 f r a c t i o n s were assayed 
fo r <x-amino groups using fluorescamine as described 
previously ( s e c t i o n 2.3*2.2). Borate bu f f e r was adjusted 
to pH 7.0. 
5.2.3-3 Dansvl Chloride Analysis 
. Free amino acids: The f r e e amino acids i n each f r a c t i o n 
were determined using a mo d i f i c a t i o n of the dansyl c h l o r i d e 
procedure described previously ( s e c t i o n 2.3.2.1). Samples 
of each f r a c t i o n (20-^00^1, depending upon the le v e l s of 
amino acid i n the f r a c t i o n ) were freeze-dried, together 
with o r n i t h i n e (10ul; 0.125mM) as an i n t e r n a l standard, 
labelled amino acids were separated, i d e n t i f i e d and 
quan t i f i e d as described previously. Prior t o sp o t t i n g 
onto the polyamide sheets, samples (dissolved i n py r i d i n e ) 
were centrifuged (2 min, 10,000g) to remove undissolved 
salts which otherwise i n t e r f e r e d w i t h the chromatographic 
separation. 
Peptides: Peptide bonds were acid hydrolysed, and the 
amino acids released determined by dansylation, as above. 
Hydrolysis of freeze-dried samples (20-W00^il) of each 
f r a c t i o n was performed i n sealed tubes, using HC1 (50^1; 
oK) at 105°C f o r l6h. HC1 was removed i n vacuo over 
NaOH p r i o r to dansylation. 
ing 50u and dansylated us 1 each of NaHCO^  and DNS-C1. The 
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N-terminal amino acids: N-terrninal amino acids were 
determined as above, except that hydrolysis was performed 
a f t e r dansylation but p r i o r to chromatographic separation. 
N-terminal p r o l i n e residues: Due to the l a b i l e nature 
of the DNS-proline bond (Hartley, 1970), N-term^nal p r o l i n e 
residues were determined a f t e r only *+.5h h y d r o l y s i s . The 
percentage hydrolysis of peptide and DNS-prcline 
bonds achieved w i t h i n t h i s period, was determined by 
subjecting samples of p r o l i n e , Pro-Gly and Pro-Gly-Gly 
(10, 20, or 50^1; O.O^ +mM) to s i m i l a r treatments. 
5.2.3*1* TNBS Assay 
Standard assay conditions employed were as f o l l o w s : 
1.1ml of amino acid/peptide s o l u t i o n (containing 10-2C0nm 
free amino groups) was mixed w i t h 0.9ml of sodium t e t r a -
borate (0-13M) and e a u i l i b r a t e d at 37°C A f r e s h l y prepared 
so l u t i o n of TNBS (250JJI1; hmg/ml i n water, also at 37°C) was 
added and thoroughly mixed. A f t e r exactly 30 min f u r t h e r 
incubation at 37°, the absorbance at ^ 20nm was measured 
(lem pathlength; Hilger-Watts Uvispek H700 spectro-
photometer). For assays i n the presence of Cu2"* ions, 
50|il of CuSO^ (2*+mM) replaced 50pl of the t e t r a b o r a t e 
b u f f e r . 
I n c e r t a i n experiments (see r e s u l t s ) the r e a c t i o n was 
terminated a f t e r exactly 30 min by the a d d i t i o n of HC1 
(lOOjjl; 10k) and the absorbance determined at e i t h e r 
3^0nm or ^ 20nm. 
The assay was c a l i b r a t e d using glycine as a standard. 
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5-2A Tissue Water Content; 
Separated embryos and endosperms from 20 seeds were 
b l o t t e d dry and the f r e s h weights determined. The tissues 
were then d r i e d to constant weight, at 75°C under vacuum, 
and the dry weight recorded. P r i o r to weighing, tissues 
were cooled i n vacuo over s i l i c a g e l . 
Water content was considered to be the d i f f e r e n c e 
between the wet and dry weights. 
5.2.5 Autppigt^ AffilnQ A < ?|d AnaJ-YSiS 
Amino acid compositions of ungerminated barley meal 
and various column f r a c t i o n s were obtained from acid 
hydrolysates (6M HC1, 22h, 106°C), using a Locarte amino 
acid analyser. 
5*2.6 G-50 Gel-Exclusion Chromatography 
A Sephadex G-50 superfine column (1.6 x *f0cm) was 
e q u i l i b r a t e d w i t h PBS at a constant flow r a t e of l*+.l 
u,l/h. 1ml samples of peptide/protein s o l u t i o n ( s e c t i o n 
5*3*6) were added to the column and eluted w i t h PBS. 
The absorbance of the e f f l u e n t was monitored continuously 
at 206nm using a Uvicord I I I dual channel spectrophoto-
meter (LKB L t d . ) . 
The column was c a l i b r a t e d as before (s e c t i o n 5.2.2.2), 
using three standard peptides, pentaalanine (200JA1, ImM), 
i n s u l i n <x-chain (200^1, 5mg/ml) and i n s u l i n jj-chain 
(200^1, 5mg/ml). 
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5.3 fififittlta 
Extracts were made of the endosperm from 1-to 6-day 
seedlings and the embryos from 1-to 3-day seedlings. I n 
ungerminated grains (day 0) i t proved impossible t o 
separate the embryo and endosperm; thus, the complete 
grain was extracted. I n a d d i t i o n , extracts of the 
proximal ( i n c l u d i n g the embryo) and d i s t a l (excluding the 
embryo) h a l f - g r a i n s were made f o r comparison. 
5.3.1 Tissue Water Content? 
Table 5*1 shows the wet and dry weights and water 
content of barley tissues at various stages of germination. 
Clearly, the water content of both the endosperm and 
embryo increases as germination proceeds. 
The endosperm dry weight decreases during germination, 
while that of the embryo increases (Figure 5.1). As seeds 
are germinated i n the dark, i n the absence of any added 
n u t r i e n t s , t h i s must r e f l e c t the t r a n s f e r of m a t e r i a l from 
the endosperm t o the embryo. However, the t o t a l dry 
weight of the gra i n (endosperm plus embryo) decreases, 
presumably due to r e s p i r a t i o n and/or leaching of m a t e r i a l 
from the g r a i n . S i m i l a r changes have f r e q u e n t l y been 
observed ( c f . Folkes £t 1952). 
5.3.2 Column C a l i b r a t i o n 
I t i s generally accepted that gel-exclusion chromato-
graphy separates substances on the basis of t h e i r 'molecular 
s i z e 1 ( F l o d i n , 19625 Ackers, 1970). However, t h i s 
i d e a l i z e d s i t u a t i o n i s often complicated by the i n t e r -
action of c e r t a i n classes of compound w i t h the dextran 
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Table Water Content of RarTev Tissues 
at. D i f f e r e n t Stares nf termination 
Tissue Age (Davs) 
Fresh wt. 
(er/20 erains) 
Drv wt. 
(e/?0 erains) 
Water. 
content (%) 
Whole Grain 0 0.787 0.719 9.5 
Endosperm 1 1.139 0.687 39.9 
i i 2 1.091 0.5^6 50.0 
i t 3 0.998 0.k07 59.2 
I I if 0.998 0.352 6i+.7 
t i 5 0.928 0.261 71.9 
I I 6 0.771 0.151 80. k 
Embryo 1 0.169 0.03,k 79.9 
I I 2 1.022 0.090 91.2 
i t 3 2.068 0.1V7 92.9 
I I h 2.176 0.1W8 93.2 
I I 5 3.269 0.219 93.3 
i i 6 W.820 0.289 9k.O 
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g e l . Thus, e l u t i o n was performed w i t h 0.1M NaCI, which 
has been shown to prevent the i n t e r a c t i o n of charged 
peptides w i t h the gel matrix (Payne & Gil v a r g , 1968b). 
Eluent was buffered at pH 7.0 to maintain a constant 
charge on the peptides. 
The 'molecular s i z e 1 of a peptide depends upon three 
main f a c t o r s ; i t s chain length, the amino acid side groups 
and the degree to which the peptide backbone i s f o l d e d . 
For several series of homopeptides, a l i n e a r r e l a t i o n s h i p 
exists between log and the peptide chain l e n g t h . Thus, 
for peptides of six or less residues, l i t t l e or no f o l d i n g 
of the peptide chain occurs and separation depends 
p r i m a r i l y upon the number of amino acid residues (Payne & 
Gilvarg, 1968b). However, the amino acid side chains w i l l 
also a f f e c t the 'molecular s i z e 1 of a peptide to a s i g n i -
f i c a n t extent, and complete separation of a heterogeneous 
mixture of peptides i n t o d i - , t r i - , tetrapeptides, etc., 
w i l l not be achieved by t h i s means. 
I t i s w e l l known that a logarithmic r e l a t i o n s h i p holds 
between and p r o t e i n molecular weight (Andrews, 1965), 
a s i m i l a r r e l a t i o n s h i p has been reported f o r peptides of 
molecular weight ^00-2000 (Carnegie, 1965). I t seems 
l i k e l y that a s i m i l a r r e l a t i o n s h i p w i l l also apply to 
mixtures of small heterogeneous peptides. 
Figure 5.2 shows a p l o t of K d against log molecular 
weight, obtained f o r a number of small peptides. An 
approximately l i n e a r r e l a t i o n s h i p e x i s t s , which can be 
used to c a l c u l a t e d the e l u t i o n volume of any peptide. 
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Figure 5.2: % as a Function of i o g m Molecular Weight 
Comparison of the f o r each G-15 column f r a c t i o n 
w i t h the above graph, allows the 'average' molecular 
weight of peptides e l u t i n g i n each f r a c t i o n to be 
determined. The 'average' chain length of the 
peptides e l u t i n g i n each f r a c t i o n can also be c a l -
culated, assuming a molecular weight of 120 daltons 
f o r each amino acid. 
Fraction Molecular Weight 
21 
22 
26 
27 
596 
h8k 
367 
295 
226 
17h 
1^1 
Peptide 
Chain Length 
5.7 
^.6 
3 A 
2.7 
2.1 
1.6 
1.2 
- 318 -
For convenience, instead of considering e l u t i o n volumes, 
reference w i l l be made to the G-15 f r a c t i o n s c o l l e c t e d 
during e l u t i o n . 
The average chain length of peptides eluted i n each 
f r a c t i o n can be calc u l a t e d ( F i g , 5-2). Thus, nothing w i l l 
e lute i n f r a c t i o n s 1-16, proteins and polypeptides of more 
than six residues i n f r a c t i o n s 17-20, peptides of s i x or 
less residues i n f r a c t i o n s 21-27, and amino acids i n 
fr a c t i o n s 28-30. These w i l l be r e f e r r e d to as the ' p r o t e i n 1 , 
'peptide 1, and 'amino aci d ' f r a c t i o n s , r e s p e c t i v e l y . I t 
must, however, be remembered that the ' p r o t e i n 1 f r a c t i o n s 
w i l l also contain any peptides larger than hexapeptides 
present i n the e x t r a c t s . 
5.3.3 E f f i c i e n c y of Extraction 
5M acetic acid has been shown t o be a s u i t a b l e 
extractant f o r amino acids and peptides from barley 
embryos (section 2.^.1). Ethanol or TCA extracts gave 
very s i m i l a r 206nm absorption p r o f i l e s to those obtained 
for acetic acid e x t r a c t s , a f t e r separation of ion-exchange 
p u r i f i e d samples on the G-15 column. Only i n the ' p r o t e i n 1 
f r a c t i o n s was a s i g n i f i c a n t d i f f e r e n c e apparent, i n d i c a t i n g 
d i f f e r e n t degrees of ' p r o t e i n 1 e x t r a c t i o n . As 206nm 
absorbance i s p r o p o r t i o n a l t o peptide concentration, at 
least i n the 'peptide 1 f r a c t i o n s (section 5-*+-l«3)> i t 
seems l i k e l y t h a t the s i m i l a r l e v e l s of peptide extracted 
by each of the three solvents represent 100$ recovery. 
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5.3^ fifflciency of the P u r i f i c a t i o n and 
Separation Procedures 
At pH 2.0, amino acids and peptides w i l l be p o s i t i v e l y 
charged and therefore bind to the ion-exchange r e s i n , 
remaining bound during subsequent washing. However, many 
other c e l l components, i n p a r t i c u l a r most carbohydrates, 
w i l l be n e u t r a l and therefore pass s t r a i g h t through the 
column. Dansylation of samples of the washings showed 
that amino acids and peptides do indeed remain bound. 
S i m i l a r l y , the bound amino acids and peptides were shown 
to elute from the column i n 3M ammonia. 
As an o v e r a l l check on the e f f i c i e n c y of e x t r a c t i o n 
and p u r i f i c a t i o n , three known peptides, d i a l a n i n e , penta-
glycine and Phe-Glu, were added to the acetic acid 
extractant. An e x t r a c t of 3-<*ay endosperm t i s s u e was made 
and subjected t o the e n t i r e p u r i f i c a t i o n and separation 
procedure. Dansylation of the f i n a l G-15 f r a c t i o n s showed 
better than 85% recovery of each peptide. I n a d d i t i o n , 
each peptide eluted from the G-15 column i n the same 
f r a c t i o n as i t would i n the absence of e x t r a c t . Thus, 
components of the e x t r a c t do not seem to a f f e c t the 
separation of peptides by gel-exclusion chromatography. 
The rap i d g r i n d i n g and b o i l i n g of the t i s s u e during 
ex t r a c t i o n was intended to minimize any enzymic peptide 
cleavage. I n a d d i t i o n , l i t t l e or no non-enzymic cleavage 
occurs during the e x t r a c t i o n procedures, as evinced by 
the e f f i c i e n t recoveries of the added peptides obtained 
above. 
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Figures ix3a=£J Peptides ?nfl Affiing Acifls 
In Endosperm Extracts from Barley Grains 
Germinated f o r Varying Periods of Time 
Various methods were used to assay the 
peptides and amino acids i n each G-15 
f r a c t i o n of endosperm e x t r a c t s : 
I (•) Absorbance at 206nm (section 
5.2.3*1)> expressed as nanomoles 
of peptide bond/fraction. 
( T ) Dansyl c h l o r i d e analysis a f t e r 
acid hydrolysis ( s e c t i o n 5*2.3*3)3 
expressed as nanomoles of 'bound1 
amino a c i d s / f r a c t i o n . 
(o) Fluorescamine (section 5-2.3*2), 
expressed as nanomoles of fr e e amino 
acid groups/fraction 
(•) N-terminal analysis (section 5.2.3.3)* expressed as nanomoles of 
N-terminal amino a c i d s / f r a c t i o n . 
I I (A) Dansyl c h l o r i d e analysis ( s e c t i o n 
5-2.3*3)> expressed as nanomoles of 
f r e e amino a c i d s / f r a c t i o n . 
( A ) TNBS assay i n the presence of 
Cu 2 + ions (section 5.2.3*1*)*. expressed 
as nanomoles of fr e e amino groups/ 
f r a c t i o n . 
(•) TNBS assay i n the absence of Cu 2 + 
ions (s e c t i o n 5.2.3**+) > expressed as 
nanomoles of f r e e amino groups/fraction. 
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Figures 5.Va-c; Peptides and Amino Acids 
i n Embrvo E x t r a c t s from B a r l e y Grains 
G e r m i n a t e d f o r V a r y i n g P e r i o d s of Ti m e 
Various methods were used t o assay t h e 
peptides and amino a c i d s i n each G-15 
f r a c t i o n of embryo e x t r a c t s : 
I (•) Absorbance a t 206nm ( s e c t i o n 
5«2«3«D> expressed as nanomoles 
of p e p t i d e b o n d / f r a c t i o n . 
(•) Dansyl c h l o r i d e a n a l y s i s a f t e r 
a c i d h y d r o l y s i s ( s e c t i o n 5*2:3-3)> 
expressed as nanomoles of 1 bound 1 
amino a c i d s / f r a c t i o n . 
(o) Fluorescamine ( s e c t i o n 5*2,3*2), 
expressed as nanomoles of f r e e amino 
g r o u p s / f r a c t i o n . 
I I ( a ) Dansyl c h l o r i d e a n a l y s i s 
( s e c t i o n 5-2-3-3)> expressed as 
nanomoles of f r e e amino a c i d s / 
f r a c t i o n . 
(o) TNBS assay ( s e c t i o n 5-2.3A), 
expressed as nanomoles of f r e e 
amino g r o u p s / f r a c t i o n . 
Note the d i f f e r e n c e i n scales between I and 
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5-3-5 A n a l y s i s of 0-15 F r a c t i o n s 
Various a n a l y t i c a l techniques were employed t o 
i d e n t i f y and c h a r a c t e r i z e the amino acids and peptides 
e l u t e d from the G-15 column. I n order t o f a c i l i t a t e com-
par i s o n of these methods, the r e s u l t s are presented 
together ( f i g s . 5-3a-g and 5-^a-c). 
5.3*5.1 Dansyl C h l o r i d e Analysis 
The e s t i m a t i o n of amino acids i n the G-15 f r a c t i o n s , 
both before and a f t e r a c i d h y d r o l y s i s , has p r o v i d e d a 
con s i d e r a b l e body of i n f o r m a t i o n on the c o n c e n t r a t i o n and 
composition of the amino a c i d and pe p t i d e pools of germin-
a t i n g b a r l e y g r a i n s . 
P r e l i m i n a r y i n v e s t i g a t i o n s showed t h a t o r n i t h i n e was 
absent from the endosperm f r a c t i o n s ; thus, i t remained a 
s u i t a b l e i n t e r n a l standard f o r the d a n s y l a t i o n procedure. 
Figures 5-5a-c show the estimated l e v e l s of t h r e e 
r e p r e s e n t a t i v e amino a c i d s , g l y c i n e , p r o l i n e and GAB, i n 
each G-15 f r a c t i o n from a 2-day endosperm e x t r a c t , both 
before and a f t e r h y d r o l y s i s . Far more f r e e p r o l i n e i s 
present i n the e x t r a c t than e i t h e r g l y c i n e or GAB. 
However, when 'bound 1 amino acids ( r e l e a s e d by h y d r o l y s i s ) 
are considered, the l e v e l s of p r o l i n e and g l y c i n e are v e r y 
s i m i l a r . No 'bound' GAB c o u l d be d e t e c t e d . S i m i l a r 
r e s u l t s ( n ot presented) were o b t a i n e d f o r every amino 
acid i n each of the endosperm and embryo e x t r a c t s . 
The t o t a l pool of f r e e amino acids i n each f r a c t i o n 
was obtained by summing the amounts of each of the 
i n d i v i d u a l amino a c i d s . A s i m i l a r process gave the t o t a l 
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Figures 5.5a-c: Levels of Free and 
'Bound' Amino -Acids i n each G-15 
Column F r a c t i o n 
The l e v e l s of f r e e (• •) and 
'bound' b ) amino acids i n 
each column f r a c t i o n were e s t i -
mated u s i n g dansyl c h l o r i d e : 
a) g l y c i n e ; b) p r o l i n e ; c) GAB. 
'Bound' amino acids were d e t e r -
mined a f t e r a c i d h y d r o l y s i s . 
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pool of 'bound 1 amino acids i n each f r a c t i o n . These 
r e s u l t s are presented i n f i g u r e s 5»3a-g a n (* 5Aa-c. 
Although no g r e a t accuracy i s claimed f o r t h e l e v e l s of 
each i n d i v i d u a l amino a c i d , when summated t o g i v e the 
t o t a l pools, any e r r o r s w i l l be minimized. 
These r e s u l t s i l l u s t r a t e the e f f i c i e n t s e p a r a t i o n of 
f r e e and 'bound 1 amino acids by g e l - e x c l u s i o n chromato-
graphy. Apart from c e r t a i n anomalies, discussed below, 
no f r e e amino acids e l u t e i n t h e ' p r o t e i n ' (17-20) or 
'peptide' (21-27) f r a c t i o n s . As expected from t h e i r 
'molecular s i z e ' , f r e e amino acids e l u t e i n f r a c t i o n s 
28-31. S i m i l a r l y , 'bound' amino acids (presumptive pep-
t i d e s ) are o n l y found i n the ' p r o t e i n ' and 'pe p t i d e ' 
f r a c t i o n s . However, c e r t a i n amino acids do not behave 
as expected: 
( i ) T y r o s i n e , p h e n y l a l a n i n e and h i s t i d i n e e l u t e i n 
f r a c t i o n s 32-36. The r e t a r d a t i o n of aromatic amino a c i d s , 
as a r e s u l t of t h e i r i n t e r a c t i o n w i t h d e x t r a n g e l s , i s 
w a l l known ( P o r a t h , 1960; C a n f i e l d & Anfinsen, 1963)• 
However, the extremely h i g h l e v e l s of an unknown d a n s y l -
r e a c t i v e compound (an amino-sugar?) which a l s o e l u t e s i n 
these f r a c t i o n s precludes any q u a n t i f i c a t i o n of these 
three amino a c i d s . F o r t u n a t e l y , t h e s m a l l p r o p o r t i o n of 
aromatic residues i n the 'bound' amino a c i d f r a c t i o n s 
( s e c t i o n 5-^.^.2) does not seem t o a f f e c t t h e e l u t i o n of 
these compounds from t h e G-15 column, under the c o n d i t i o n s 
employed ( s e c t i o n 5A-1.1). 
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( i i ) Three amino a c i d s , g l u t a m i c a c i d , a s p a r t i c a c i d 
and l y s i n e , e l u t e r a t h e r e a r l y , peaking i n f r a c t i o n s 25-26, 
25-26 and 26-27, r e s p e c t i v e l y . Presumably t h i s i s due t o 
t h e i r e x c l u s i o n from c e r t a i n r e g i o n s of the g e l by v i r t u e o f 
t h e i r charge, a l t h o u g h the h i g h i o n i c s t r e n g t h of the 
eluent might have been expected t o c o u n t e r a c t such e f f e c t s . 
Although the f r e e and bound forms of these amino acids can 
be separated by the dansyl c h l o r i d e technique ( f i g u r e 5.6), 
the presence of these f r e e amino acids i n the 'p e p t i d e ' 
f r a c t i o n s must be considered when i n t e r p r e t i n g t h e r e s u l t s 
of o t h e r assays. 
( i i i ) Although o t h e r 'bound 1 amino acids cannot be 
detected i n f r a c t i o n s 28-32, g l u t a m i c a c i d appears i n these 
l a t e r f r a c t i o n s a f t e r h y d r o l y s i s . This i s almost c e r t a i n l y 
due t o the r e l a t i v e ease w i t h which glutamate/glutamine can 
c y c l i z e t o form pyroglutamic a c i d (Moore and S t e i n , 1951; 
Meister, 1965). Pyroglutamic a c i d does not r e a c t w i t h 
dansyl c h l o r i d e and i s t h e r e f o r e not d e t e c t e d as a f r e e 
amino a c i d . However, on a c i d h y d r o l y s i s i t i s converted 
to glutamic a c i d (Cocking and Yemm, 196l) and ' t h e r e f o r e 
appears as 'bound' g l u t a m i c a c i d , e l u t i n g i n t h e 'amino 
ac i d ' f r a c t i o n s . These d e r i v a t i v e s have been i n c l u d e d w i t h 
the f r e e glutamate/glutamine p o o l s . 
( i v ) Glutamine and asparagine were absent from any 
e x t r a c t s , presumably the r e s u l t o f deamidation t o t h e 
corresponding a c i d s . Thus t h e acid/amide pools have been 
considered t o g e t h e r . I n a d d i t i o n , a r g i n i n e was not 
estimated by t h e dansyl c h l o r i d e method- I t runs c l o s e 
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t o the s o l v e n t f r o n t d u r i n g chromatography and i s con-
sequently d i f f i c u l t t o q u a n t i f y , 
( v ) I n a d d i t i o n t o the p r o t e i n amino a c i d s , two 
u n i d e n t i f i e d d a n s y l - r e a c t i v e compounds (presumably amino 
acids) were o f t e n present i n embryo and endosperm e x t r a c t s . 
Their l o c a t i o n s on polyamide sheets, a f t e r chromatography, 
are shown i n appendix 2* 
Unknown 'E' i s o n l y found i n t h e f r e e form, never bound 
i n p e p t i d e s / p r o t e i n s , I t i s not a pe p t i d e i t s e l f as i t i s 
u n a f f e c t e d by h y d r o l y s i s . I t i s a l s o u n l i k e l y t o be a 
d e r i v a t i v e of one of the p r o t e i n amino a c i d s , formed d u r i n g 
e x t r a c t i o n , as i t s l e v e l s i n t h e embryo do not p a r a l l e l 
those of any o t h e r amino a c i d . 
Unknown 'G' shows the same anomalous e l u t i o n c h a r a c t e r -
i s t i c s as g l u t a m i c and a s p a r t i c a c i d s . I n a d d i t i o n , i t 
appears i n the ' p e p t i d e ' / ' p r o t e i n ' f r a c t i o n s a f t e r 
h y d r o l y s i s . Thus, i t cannot simply be a n o n - p r o t e i n amino 
acia and i s probably a d e r i v a t i v e of glutamic or a s p a r t i c 
a c i d . Whether t h i s d e r i v a t i v e i s formed d u r i n g e x t r a c t i o n 
or dar.sylation i s not c l e a r . 
Dansyl c h l o r i d e a n a l y s i s a l s o provides c o n s i d e r a b l e 
i n f o r m a t i o n on the amino a c i d composition of the 'bound' 
and f r e e amino a c i d p o o l s . At any stage of g e r m i n a t i o n the 
a^ino a c i d composition of the 'bound' amino acids e l u t i n g 
m each of the endosperm ' p r o t e i n ' f r a c t i o n s (17-20) i s 
s i m i l a r . I n a d d i t i o n , the composition of these f r a c t i o n s 
does not v a r y as g e r m i n a t i o n proceeds. Thus, the compo-
s i t i o n o f the 'bound' amino acids e l u t i n g i n t h e ' p r o t e i n ' 
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f r a c t i o n s , i s presented as an average of a l l t h e ' p r o t e i n 1 
f r a c t i o n s from each stage of g e r m i n a t i o n , A s i m i l a r 
average i s a p p l i c a b l e t o the 'bound 1 amino a c i d s e l u t i n g i n 
the endosperm 'pe p t i d e ' f r a c t i o n s and both the ' p r o t e i n ' 
and 'peptide' f r a c t i o n s of t h e embryo. 
The amino a c i d compositions of the ' p r o t e i n 1 and 
'peptide' f r a c t i o n s of t h e endosperm are presented i n 
t a b l e 5«2, t o g e t h e r w i t h v a r i o u s amino a c i d analyses of 
b a r l e y r e p o r t e d i n the l i t e r a t u r e . I t must be remembered 
t h a t a r g i n i n e and t r y p t o p h a n were not determined. Amino 
a c i d compositions from the l i t e r a t u r e have t h e r e f o r e been 
r e c a l c u l a t e d , e x c l u d i n g these two amino a c i d s , t o f a c i l i t a t e 
comparison. S i m i l a r l y , t a b l e 5»3 shows the amino a c i d 
compositions of t h e 'bound' amino acids i n t h e embryo 
'pept i d e 1 and ' p r o t e i n ' f r a c t i o n s , t o g e t h e r w i t h two 
published analyses. 
U n l i k e t h e 'bound' amino a c i d f r a c t i o n s , t h e compo-
s i t i o n s of t h e f r e e amino a c i d pools of t h e embryo and endo-
sperm v a r y d u r i n g g e r m i n a t i o n . Table 5-*+ shows the 
composition of the f r e e amino a c i d pool of b a r l e y endo-
sperm at d i f f e r e n t stages of g e r m i n a t i o n . I n the embryo, 
the l e v e l s of one or two amino acids v a r y c o n s i d e r a b l y 
d u r i n g g e r m i n a t i o n ; expressing t h e composition of t h e 
pool i n percentage terms then becomes meaningless. Thus, 
the composition of t h e f r e e amino a c i d pool of b a r l e y 
embryos a t d i f f e r e n t stages of g e r m i n a t i o n i s expressed 
both i n percentage terms, and as nm of amino a c i d per 
embryo ( t a b l e 5-5)* 
- 336 -
•o 
o 
o a a> 
u 
±3 
cc 
B o 
0) 
CC 
rH 
3 
CJ 
r-l 
o a> OS 
a 
H 
i 
—ye a 
a 
rH 0> 0 Cu 
•d 
8* 
if 
M » C B N 
O K 
CO O l > 
o »v.so 
c a>cN *Of(H 
r ^ P , 
"3 
3 
w 
c 
y 
V) 
0) 
a 
r 
4* 
T3 
4> 
C 
a 
Q 
UN CM CM O 00 Os m o> 
jt *n #y UN o CM 
NO CO u> rn u> Os CM 
IN rn vo rvj J m o 
O oo CM O 
ITi i U> 00 CM 
> O UN t > 
J J «•? UN 
UN SO H ^ *0 J | 
M r> ^ u> oi 5 e 
CO 
SO 
CO oo ON • • • 
CO «H NO 
CM 
i i N 
• • • • 
vO J- (M vO 
CO r-t 0> J " »H O NO • • • • • • • 
rH CO CO CM J - CM 
0) 
o J - ON ON r H O O CM o ON -* ON • UN • • • • • • • • • • • • • • • • • V ITS NO CM UN J " NO CM • t N J* J - -* CM 1 i > CM < 
1 c 
o E3 CM NO UN ro co J" ON CO CO UN r H CM N—' a • • • • • • • • • • • • • • • • sO JO O CO O o UN UN t N rH i I N UN UN O 1 i UN H r H rH r H CO 
ON < u 
r^ C > «H O 
B rH r H co J" o UN 00 UN t N UN. CM UN UN O s 3 • • • • • r • • • • • • • • • CO 5 rD r H rH CN NO J" NO J* i CN UN o cu 1 i fa >• O rH rH rH 
H CO 
•CJ O •o 
CO c o 
'CN. 
CO 
(0 c CM OJ CM UN CO CM CO CM r H ON o CN SO V • * • • • • • • • • • • r • • o * •d Os I N NO NO UN J - Os NO r H i CO no SO NO CM 1 t c rH r H 
O O a X 3 
c r H 
CO 
o r H J - i H t N UN CN. o rH UN rH rH r H rH 4* • d O 
h CM m rH CM r H UN CM i NO UN UN m rH CM 1 i O co CM as © r* 
JC *» 
VH 
Oct o rH sO ON J - rH o CVJ t N CN o CO NO o CO O CD • • • • • • • • • • • • • • • P CO c J* CO t N UN i H UN 1 r H CO sO CM J - CM 2 i 00 3 CM t H CD 
•0 h c o CO ft \ *~* fa JO CO 
p . 
O Ifi ON •O B . o ON J* J - sO UN ON J - CN UN CO •co 
• H o • > • • • • • • • • * • • • • Q • 00 ON CM co • t N UN NO s UN rH CM O o CO Q.4* | H r H rH CO 
CD O 0< CO •o • fa CD £ to M "1 4 <0 •O fa \ <—* O. m CO X c C o r H CO t N t N NO UN UN ON NO CN CM 8 
o • • • • • » • • Q p • • • • • • p • CO NO UN CO NO UN UN s UN CM r H CM i H S r H CD 
1 4» *» rH r H f H fa O c CO CO 
fa CO CD 
»•* 
3 CO co > s CO t <H CJ NO UN ON I N CM ON ON UN r H Os O UN CM r H 
t o o • • • • • » • • • • • • • • r H • » «r« CO UN U> CO CN, UN UN i 1 UN r H CM UN r H i 1 «< 
rH r H • r H 
o 
CO 
! £ 
i — L 
CO 
r H r H 
O 
5 S 
S & fa fa o 
CO H £ CO 
CO. 4» 
is a S rS H3 t H 
CO 0) CO 
H O 
CO 
0) 
•» 
r H 
CO C a 
CD 
• d 
CO fa c OTH 
r H CO 
£ fa 
O 00 
C CO 
cc C 
>»fa 
rO CD 00 
c 
9 B 
•H 00 
CD C 4J ^ 
•O CO 
OD rO-O 
h 
CD CO SH 
X O 
rH > , 
CC CO (0 C co c cc w o 
CD <H •o •» 
«H r—i «rH 
o co co co o O 
<H O. 
O MS C O O 
«ri rH o 
e o 
CO i H CO 
c O P 
CD fa 
o a 
60TI O 
B a fa 
CO >* 
• d t J 4* 
CD CO CO B B rH 
• H r l 3 
CO CO O 
•» iH 
rO J3 CO 
o o o 
MCD C 
B **«H 
^ H O B « - » 
> h CD UN 
O O t J t N 
rH h Os B 
H T J O H 
o oxt 
VH CD x 
CD B 
j B r H C O CO 
*> C0#H U 43 CD 
a 
Q 
•4-» 
(0 
• d 
ooo - a 
B •*•> c o 
• H 
S CDrHN-r S JB OJ 
CO 
Co O Os 
CO O H J -•M 00 •» •» B W •» C O B\R^« 
• H OlTN CO 
T4t-4 »d o*» fa co a •» o 
farO fi JQ 
4* 
O 
B 
CO 
CD 
*> 
O 
§ 
• d 
CD O CD 
fa a • * 
£ * > 3 » «d 
CO O r H r n 4* 
CD O CO CM g 
CD 
• d 
4» O B 
- 537 -
T a b j U 5 - 3 : Amino A c i d C o m p o s i t i o n o f t h e 
' P r o t e i n s ' and ' P e p t i d e s ' o f B a r l e y Embrvos 
' P r o t e i n ' •Peptide' 
Whole 
Jones & 
Embrvos 
Yemm & F r a c t i o n s F r a c t i o n s 
Ala 8.7 8.2 10.2 10.7 
Gly 15.5 2^.3 10. h 8.9 
Glu/Gln 15.1 13.3 13.1 10.3 
Asp/Asn 10.7 6.8 918 8.5 
Ser 6.0 9.3 6.0 ^.5 
Thr 3-1 h.l 5.6 5.2 
Pro 11.5 U.5 6.0 5.0 
Val 6.6 5.1 7.1 6.6 
Cys ND ND - 1.2 
Met ND ND 2.^ 1.5 
Leu 5.1 3.5 8.6 7.7 
l i e 3-0 2.6 h.2 5.8 
Phe 2.2 0.8 h.2 k.O 
His 3.2 3.9 2.7 5 A 
Lys 3-9 7.6 10.2 
Tyr 3-5 1.7 2.8 3.0 
GAB ND ND 0.7 -
G 1.8 1.1 - — 
Values, determined by d a n s y l c h l o r i d e a n a l y s i s , are 
presented as a percentage of t h e t o t a l amino acids r e c o v e r e d . 
ND = not d e t e c t e d . - denotes not determined. 
(a) R e c a l c u l a t e d from values r e p o r t e d i n the l i t e r a t u r e . 
( b) Determined u s i n g an amino a c i d a nalyser f o r 6-day 
embryos. 
( c ) Determined by m i c r o b i o l o g i c a l assay on mature l e a f t i s s u e . 
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Tab3„e ?.*H Composition of the Free Amino Acid 
Ppgl gf P a r l e y Snflpap,sra 
T i s s u e u t a l s 
Grain Hflllr. 
G r a i n 
Primal 
Grain 
Endosperm 
Days.,, of 
Termination 0 0 0 l 2 3 k 5 6 
Ala 13 A Ht.2 U.5 ik.3 13.0 13-3 11.3 11.9 16.3 
Gly 3-9 6.0 5.6 7.7 5.1 k.k k.o 7.k 7.7 
Glu/Gln 7.3 9.0 8 A 18-5 6.9 k.8 6.1 5-0 8.9 
Asp/Asn 21.5 20.3 19.6 Ik.l 7.k k.8 7.k k.9 6.2 
Ser 3-7 5.8 2.2 "+.6 k.8 3.9 3-3 3-1 3-9 
Thr 1.8 1.7 1.6 2.2 2.8 2.3 2.3 1.8 3-5 
Pro 17.9 19.8 19.3 17.2 27.5 38.0 31A 30. k 16.7 
Val 5 A 5.9 6.6 5.5 8.2 8.8 10.0 9.0 8.3 
Cys ND ND ND ND ND ND ND ND ND 
Met ND ND ND ND ND ND ND ND ND 
Leu 3-1 3-k 2.1 k.6 10.2 7.6 8.3 8.2 7.3 
He 2,3 3-5 1.9 2.0 5.1 k.l 5.7 k.5 3.8 
Phe - MB - - - - - -
His - - - - - - - - -
Lys 2.1 2.8 2.5 2.2 5-0 3.8 k.8 k.l 5.8 
Tyr - - - - - - - - -
GAB lf.0 3.1 5.6 3.9 2.6 3.3 k.l 8.6 10.6 
G 1.3 1.8 1.6 2.0 0-7 o.k 0.7 0.8 1.0 
E 12.3 2.9 11.7 1.2 O.k 0.3 ND ND ND 
Values, determined by dansyl c h l o r i d e a n a l y s i s , are 
expressed as a percentage of the t o t a l amino acids recovered 
ND = not detectable. - denotes not determined. 
- 339 -
Table 5.St Composition of the Free Amino Acid 
Pool gf B a r l e y Embryo? 
Amino Ad.d Composition 
nm/embrvo Pays of Germination 1 2 3 1 2 3 
Ala 2k 67 92 12.0 8.1 9.2 
Oly 13 29 31 6.5 3-5 3-1 
Glu/Gln 19 37 89 9.5 M 8.9 
Asp/Asn 10 165 162 5.0 19.9 16.2 
Ser 9 ko i*5 k.5 ^.8 h.5 
Thr 5 29 37 2.5 3-5 3-7 
Pro 90 118 2^.6 10.8 11.8 
Val 19 105 123 9.5 12.7 12.3 
Cys 0.2 6 6 0.1 0.7 0.6 
Met ND ND ND ND ND ND 
Leu 6 103 100 3-0 12. 10.0 
H e 8 67 56 h.O 8.1 5.6 
Lys 12 50 hi 6.0 6.0 k.l 
GAB 9 30 80 k.5 3-6 8.0 
G 6 6 9 3-0 0.7 0.9 
E 10 6 9 5.0 0.7 0.9 
Values were determined by dansyl c h l o r i d e a n a l y s i s . 
ND = not detected. Phe, His, Tyr, Trp and Arg were not 
determined. 
(a) Expressed as a percentage of the t o t a l amino 
acids recovered. 
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5.3.5.2 UzlsiMlaal A n a l y s i s 
The procedure used to analyse the N-terminal residues of 
peptides w i l l detect any amino acid w i t h a f r e e amino group. 
Free amino acids e l u t i n g i n the 'peptide' f r a c t i o n s are 
accounted f o r i n c a l c u l a t i n g the N-terminal amino acids i n 
each f r a c t i o n . A l l other residues detected are r e f e r r e d t o 
as N-terminal residues, although i t must be remembered that 
they may a c t u a l l y be bound i n other types of linkages. 
N-terminal analyses of the endosperm 'peptide' f r a c t i o n s 
were performed w i t h two aims i n mind: ( i ) t o obtain an 
estimate of the average peptide chain length, by comparison 
of the t o t a l number of residues released on h y d r o l y s i s w i t h 
the number of residues occupying an N-terminal p o s i t i o n , 
and ( i i ) to ascertain whether s p e c i f i c cleavage of the 
storage p r o t e i n occurs, producing a non-random d i s t r i b u t i o n 
of amino acids at the peptide N-termini. 
Several problems were associated w i t h such 
analyses: 
( i ) The low le v e l s of peptide, and hence even lower 
levels of N-terminal amino acids, present i n each f r a c t i o n 
necessitated the dansylation of large volumes ( > ^ OCyl) 
of each column f r a c t i o n . The presence of considerable amounts 
of eluent s a l t s i n these volumes i n t e r f e r e d somewhat w i t h the 
dansylation and chromatographic procedures, making accurate 
q u a n t i f i c a t i o n d i f f i c u l t : the value obtained f o r each amino 
acid i s probably only accurate to about* i 30$. However, 
summation of a l l the N-terminal amino acids i n each f r a c t i o n 
should minimize any e r r o r s . 
- 3^1 
( i i ) C ertain dansyl-amino acids are not stable to 
acid h y d r o l y s i s . Although most show >90% recovery a f t e r 
h y d r o l y s i s , DNS-glycine gives only 80% recovery, DNS-
serine and DNS-threonine less than 70%, and DNS-proline only 
23% (Hartley, 1970). For a l l except p r o l i n e (see (v) below), 
these f i g u r e s were taken i n t o account when c a l c u l a t i n g the 
absolute l e v e l s of each N-terminal amino ac i d . 
( i i i ) Glutamic acid, aspartic acid and l y s i n e e l u t e 
from the G-15 column rather e a r l i e r than one would p r e d i c t 
on the basis of t h e i r molecular weights (s e c t i o n 5»3-5»l); 
the f r e e amino acids appear i n the 'peptide 1 f r a c t i o n s . 
This masks any N-terminal glutamic a c i d , aspartic acid or 
l y s i n e residues appearing i n the same f r a c t i o n s . 
( i v ) Several amino adds (e.g. phenylalanine, h i s t i -
dine) only c o n s t i t u t e a small proportion of the peptide 
amino acids, and therefore appear at the N-terminus i n 
q u a n t i t i e s too low to be detected by present methods. 
Thus, the absence of amino acids from the N-terminus only 
indicates they are present i n amounts too small t o detect. 
(v) DNS-proline i s almost completely degraded during 
acid h y d r o l y s i s . Thus, under standard conditions.no 
N-terminal p r o l i n e residues w i l l be detected. As p r o l i n e 
i s one of the major amino acids of barley storage p r o t e i n , 
i t i s l i k e l y to be one of the more abundant N-terminal 
amino acids. I n a d d i t i o n , i t has been suggested t h a t the 
barley peptidases may not be able to cleave bonds i n v o l v i n g 
p r o l i n e (sections 5 A A . 2 ) . Thus, i t i s possible t h a t 
p r o l i n e might occupy an even higher proportion of N-terminal 
s i t e s than i t s general abundance would suggest. 
Figure 5*7 shows the breakdown of DNS-proline during 
acid h y d r o l y s i s . A f t e r *+-5h about 70% remains i n t a c t . 
Within t h i s period, a high proportion (about 70'/) of peptide 
bonds i n v o l v i n g p r o l i n e are cleaved ( f i g . 5.8). Thus, the 
l e v e l s of N-terrninal p r o l i n e were determined a f t e r only h.Jh 
h y d r o l y s i s . The DNS-proline l o s t by h y d r o l y s i s , and the 
peptide bonds not cleaved during t h i s Deriod, were taken 
i n t o account i n c a l c u l a t i n g the number of N-terminal p r o l i n e 
residues. 
The t o t a l number of N-terminal residues recovered i n 
each column f r a c t i o n are presented i n f i g u r e 5*3• h^e-
composition of these terminal amino acids d i d not vary 
s i g n i f i c a n t l y w i t h the f r a c t i o n number or during germination. 
Thus, the average amino acid composition of the N-terminal 
residues eluted i n the endosperm 'peptide 1 f r a c t i o n s i s 
presented i n t a b l e 5*6-
5.3*5.3 Ab$prbance gt 2Q6npi 
The absorbance of each column f r a c t i o n at 206nm i s 
shown i n f i g u r e s 5*3 and 5-^. Results are given as nm of 
peptide bond per f r a c t i o n , using d i a l a n i n e as a standard. 
5.3.5.1* Fluorescamine Assay 
The fluorescamine assay f o r peptides was performed at 
pH 7.0, rather than the standard pH 6.2 ( s e c t i o n 2.^.3.1), 
i n order to achieve increased s e n s i t i v i t y . I n t e r f e r e n c e 
from amino acids i s unimportant here as most f r e e amino 
acids have already been separated from the 'peptide' 
f r a c t i o n s . Only glutamic and aspartic 
- 3>+3 -
100 
80 
X 
60 
57 
40 
^ 20 
s 0 
& 80 
60 
58 
40 
20 
0 J 1 8 12 16 
Incubation Period (h) 
F l ^ r e 5,7: A<?iq Hy^rpXy^js Pf PNg-PrpUng 
The recovery of DNS-proline a f t e r 
varying periods of acid hydrolysis 
was monitored using dansyl c h l o r i d e . 
Each value i s the average of four 
separate determinations. Bars show 
the range of values obtained. 
Figure 5*8: Acid Hydrolysis of P r o l y l Peptides 
The recovery of f r e e p r o l i n e from 
Pro-Gly or Pro-Oly-Gly a f t e r varying 
periods of acid hydrolysis was 
monitored using dansyl c h l o r i d e . Each 
value i s the average of four separate 
determinations f o r each peptide. No 
d i f f e r e n c e was observed i n the release 
of p r o l i n e from the two peptides. 
B;irs show the rnn^e of values obtained. 
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Table ^ 6 : The W-terminal Amino Acids 
of Barlev Endosperm Peptides 
Amino Acid ff-lCTBlRflL Amino Acid , s 
ComDosition (ti)K*J 
. . . . . 
T o t a l Peptide. ! Cflfflpoaition (%)^> j 
Alanine 12.0 7.8 
Glycine 11.6 19.^ 1 
j Glutamate/Glutamine^ 13.0 l>f.6 ! 
\ 
9 Aspartate/Asparagine^ 9.7 8.2 ' 
Serine 8.1 7.2 | 
Threonine 7.0 5.2 | 
Valine 9 A 6.3 \ 
Proline 13-5 13.3 j 
Leucine 6.3 5.7 
Isoleucine k.6 1 . 3.3 
b i s - L y s i n e ( c ) 2.6 3.1 
e-Lysine 2.0 -
(a) Each value i s presented as a percentage of the 
t o t a l N-terminal amino acids recovered. 
(b) Recalculated from Table 5.2, excluding those 
amino acids not detected at the peptide 
N-termini. 
(c) Determined f o r those 'peptide' f r a c t i o n s 
where the f r e e amino acids do not elute, and 
assumed to be the same f o r a l l other f r a c t i o n s 
(see section 5-3*5-l). 
acids elute i n the 'peptide 1 f r a c t i o n s ( s e c t i o n 5«3»5*1) and 
these amino acids show n e g l i g i b l e r e a c t i o n at pH 7.0, due 
to the r e l a t i v e l y high pK fs of t h e i r (x-amino groups. 
Fluorescaraine i s p o t e n t i a l l y the most s e n s i t i v e and 
s p e c i f i c of the assays employed, yet three possible 
l i m i t a t i o n s must be considered: 
( i ) Reaction w i t h the £ -amino group of l y s i n e . The 
problem of £-amino groups i s u n l i k e l y to be s i g n i f i c a n t 
here. The high pK of the l y s i n e £-NH^ group i n peptides 
( P e r r i n , 1965) r e l a t i v e to the assay pH ensures t h a t l i t t l e , 
i f any, r e a c t i o n w i l l occur ( s e c t i o n 2A.3.I). I n a d d i t i o n , 
l y s i n e only c o n s t i t u t e s about h% of the peptide-bouno 
amino acids: t h i s proportion remains constant i n a l l 
f r a c t i o n s (sections 5«*+A.2). 
( i i ) I n t e r f e r e n c e from secondary amines. Secondary 
amines, i n c l u d i n g p r o l i n e and p r o l y l peptides, i n t e r f e r e 
w i t h the r e a c t i o n of fluorescamine w i t h primary amines 
(section 2.*+«3.6). As p r o l i n e i s one of the most abundant 
amino acids i n barley storage proteins (Folkes & Yemm, 
1956), as w e l l as being the most important f r e e amino acid 
(Jones & Pierce, 1967b; section 5 A A . 5 ) , t h i s w i l l c l e a r l y 
be a problem. Figure 5-9 shows the fluorescence y i e l d s of 
1 and 200jjl samples of the G-15 f r a c t i o n s of 1-day 
endosperm e x t r a c t s . Fractions 21-27 show the expected 
f o u r - f o l d d i f f e r e n c e i n fluorescence y i e l d between the 
50jml and 200jil samples. However, i n l a t e r f r a c t i o n s t h i s 
r e l a t i o n s h i p does not hold. Indeed, i n some f r a c t i o n s a 
greater fluorescence y i e l d Is obtained w i t h a 50ul sample 
50u 
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pf Column Frflctjpng 
The fluorescence y i e l d obtained 
w i t h 50jjl (•) and 200 u l (•) 
samples of G-15 column f r a c t i o n s 
of a 1-day endosperm extract were 
measured using standard procedures 
(sec t i o n 2.3.2.2). Each value i s 
the average of three separate 
determinations. 
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than a 200jjl sample. This i s almost c e r t a i n l y due to the 
high levels of f r e e p r o l i n e e l u t i n g i n f r a c t i o n s 28-32 
(section 5.3*5.1). Thus, the fluorescamine assay i s only 
s u i t a b l e f o r the 'peptide 1 f r a c t i o n s , i n which l i t t l e 
i n t e r f e r e n c e i s apparent. Although peptides w i t h N-terminal 
p r o l i n e residues are present (s e c t i o n 5*3*5*2) they do not 
appear to i n t e r f e r e w i t h the assay to any great extent. 
This i s borne out by a c o n t r o l experiment i n which i t was 
shown that a s i m i l a r fluorescence y i e l d i s obtained f o r a 
given amount of d i a l a n i n e , whether the reaction w i t h 
fluorescamine i s performed i n the presence or absence of a 
200ul sample of any 'peptide 1 f r a c t i o n . 
( i i i ) Choice of a standard w i t h which to c a l i b r a t e 
the assay* Although an apparently meaningful fluorescence 
y i e l d i s obtained on analysis of any 'peptide 1 f r a c t i o n , 
absolute q u a n t i f i c a t i o n of ©<-amino groups i s not possible. 
At any given assay pH, d i f f e r e n t peptides w i l l give d i f f e r e n t 
fluorescence y i e l d s , depending upon the pK of t h e i r oc-amino 
group (section 2A.3-D- Dlglycine was selected as a 
standard w i t h which to c a l i b r a t e the assay, as the pK of 
i t s oc-amino group i s i n the middle of the range of values 
extended by p h y s i o l o g i c a l peptides. Thus, although 
fluorescamine r e s u l t s are expressed i n terms of nm of 
primary amino groups, i t must be remembered th a t t h i s 
r e l a t e s to a d i g l y c i n e standard. Values can be used com-
paratively, although i n absolute terms they may have l i t t l e 
meaning. 
The peptideoc-amino groups present i n each G-15 f r a c t i o n , 
as estimated by the fluorescamine method, are presented i n 
fi g u r e s 5-3a-g (endosperm) and 5-*+a-c (embryo). 
5.3-5-5 INBS Assay 
TNBS ( 2 A , 6 - t r i n i t r o b e n z e n e 1-sulphonic acid) 
reacts w i t h primary amino groups of amino acids and 
peptides to form coloured TNP-derivatives (Okuyama & Satake, 
1960; Satake jgi a l . . 1960). However, under the conditions 
employed, there i s no reaction w i t h p r o l i n e or p r o l y l 
peptides (Payne, 1972b). 
The assay conditions employed were based upon Binkley 
et a l . (1968) y although c e r t a i n modifications were i n t r o -
duced t o improve s e n s i t i v i t y . 
TNP-amino acids i n acidic s o l u t i o n show an absorbance 
maximum at 31+0nm w i t h a secondary peak at ^ Onm (Satake 
et a l , , 1960). A c i d i f i c a t i o n not only increases s e n s i t i v i t y 
at 3*f0nm, but also s t a b i l i z e s the colour produced. Thus, 
an a c i d i f i c a t i o n step has generally been included i n the 
assay. However, i t was found that although a c i d i f i c a t i o n 
increases the s e n s i t i v i t y at 3^0nm, i t a c t u a l l y reduces 
s e n s i t i v i t y at *+20nm ( t a b l e 5.7). Maximum s e n s i t i v i t y i s 
achieved by measuring the absorbance at ^ Onm i n a l k a l i n e 
s o l u t i o n . Under these c o n d i t i o n s , although the formation 
of TNP-amino acids i s complete w i t h i n 15 min, the colours 
of both the TNP-amino acids and the reagent blank are 
unstable ( f i g . 5*10). Thus, when employed r o u t i n e l y , 
precise incubation periods and the simultaneous running 
of reagent blanks are both e s s e n t i a l . 
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Table 5.7; S e n s i t i v i t y of the TNBS Assay 
Under Various Conditions 
Wavelength H C l ( a ) 
1 .—— — — _ _ 1 
Absorbance 1 
ftlyMne Reagent B l a n k ^ ) (nm) 
(reagent blank ! 
subtracted) i 
k20 - 0.733 0.097 0.636 
if 20 + 0.355 0.090 0.265 
3^0 - 1.067 0.81k 0.253 I 
3^0 1.187 0.790 0.397 j 
Assays were performed as described i n methods (s e c t i o n 
5.2*3**0 using O.lmM glycine as a standard. A l l absorbances 
were read against a d i s t i l l e d water blank. Each value i s the 
average of three separate determinations. 
(a) + and - denote presence and absence, res-
p e c t i v e l y . 
(b) Obtained by replacing the glycine s o l u t i o n 
w i t h d i s t i l l e d water. 
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Figure 5.10: Time Course f o r the 
Formation of TNP-Glvcine 
The r e a c t i o n of glycine (O.lmM) 
w i t h TNBS was c a r r i e d out under 
standard conditions (section 
5.2.3A). The O.D. at *+20nm was 
measured against a d i s t i l l e d water 
blank: glycine ( A ) , reagent blank 
( A ) , glycine w i t h reagent blank 
subtracted ( • ) . Each value i s the 
average of three separate determin-
at i o n s . Bars show the range of 
values obtained. 
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Figure g . l l : E ffect of Cu2+ ions on the TIVPS Usssv 
The TNBS assay was c a r r i e d out under 
standard conditions (section 5*2.3A), 
using varying concentrations of the 
f o l l o w i n g amino acids or peptides: 
glycine ( • ) , d i g l y c i n e (•) or t r i -
g l y c i ne (•) i n the absence of Cu 2 + 
ions; glycine ( • ) , d i g l y c i n e ( A ) or 
t r i g l y c i n e (o) i n the presence of 
Cu 2 + ions. Each value i s the average 
of three separate determinations. 
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Cu^ ions have been reported to i n t e r f e r e w i t h the 
re a c t i o n between TNBS and peptides (Binkley gt a l . , 1968). 
This i s i l l u s t r a t e d by f i g u r e 5*11* I n the absence of Cu 2 + 
ions, amino acids, dipeptides and t r i p e p t i d e s give very 
s i m i l a r colour y i e l d s . However, i n the presence of Cu t + 
ions, although the reaction w i t h amino acids i s s l i g h t l y 
reduced, the r e a c t i o n w i t h peptides i s almost completely 
i n h i b i t e d . 
Phosphate b u f f e r i n the G-15 f r a c t i o n s was found to 
i n t e r f e r e w i t h the TNBS assay i n the presence of Cu 1 + ions. 
Thus, 1- and 3~day endosperm and embryo extracts were passed 
through the G-15 column using unbuffered 0.1M sal i n e 
(adjusted to pH 7.0) as eluent. Judging from the 206nm 
absorbance p r o f i l e , the lack of b u f f e r i n g capacity had l i t t l e 
e f f e c t on the separation achieved. These f r a c t i o n s were 
used f o r the TNBS assay i n the presence of Cu 1 + ions. 
The le v e l s of amino acid and peptide i n each column 
f r a c t i o n , estimated by the TNBS assay, are presented i n 
figu r e s 5*3 and 5**+* 
5-3*6 Separation of 'Protein* f r a c t i o n s on a G-50 column 
The compounds e l u t i n g i n the endosperm ' p r o t e i n ' 
f r a c t i o n s (17-20) were pooled, evaporated to dryness on a 
ro t a r y evaporator, redissolved i n 1.0ml PBS, and separated 
on a G-50 Sephadex column ( s e c t i o n 5*2.6). 
Figure 5*12 shows the 206nm absorbance p r o f i l e of 
column e f f l u e n t during e l u t i o n of the ' p r o t e i n 1 f r a c t i o n s 
from 3-^ay endosperm. The volumes at which a number of 
standards elute are also i n d i c a t e d (the insulin<x- and ^-chains 
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c o n t a i n 21 and 30 r e s i d u e s r e s p e c t i v e l y ) . Although the 
secondary s t r u c t u r e of p o l y p e p t i d e s may a f f e c t the:lr 
e l a t i o n through the column, an approximate r e l a t i o n s h i p 
between e l u t i o n volume and c h a i n l e n g t h would s t i l l be 
expected. Assuming t h a t the fbound' amino acids e l u t i n g i n 
the ' p r o t e i n 1 f r a c t i o n s are peptide-bound, comparison w i t h 
the i n s u l i n standards shows t h a t the ' p r o t e i n 1 f r a c t i o n s 
a c t u a l l y c o n t a i n p o l y p e p t i d e s of 5-20 r e s i d u e s ; the 
average chain l e n g t h i s about 10 r e s i d u e s . Very few poly-
p e p t i d e s / p r o t e i n s w i t h more than 20 residues are present 
i n the e x t r a c t . Compounds present i n the ' p r o t e i n ' 
f r a c t i o n s of 1- and 6-day endosperm e x t r a c t s showed a v e r y 
s i m i l a r s i z e d i s t r i b u t i o n , as judged by the 206nm a b s o r p t i o n 
p r o f i l e , a l t h o ugh the absolute amounts present v a r i e d con-
s i d e r a b l y . 
5*3*7 Amino Acid Analyses 
The amino a c i d composition of ungerminated b a r l e y , and 
of the 3-day endosperm ' p r o t e i n ' f r a c t i o n s , as determined 
on an amino a c i d analyser, are shown i n t a b l e 5«2. I n 
c a l c u l a t i n g t h e percentage of each amino a c i d , a r g i n i n e 
was i g n o r e d , t o a i d comparison w i t h data o b t a i n e d by other 
methods. 
355 
5 A, Plgcwssion 
5.^-1 Methodology 
The procedures employed f o r the i s o l a t i o n of b a r l e y oeo-
t i d e s seem e n t i r e l y adequate f o r the purpose} minimal losses 
occur d u r i n g the e x t r a c t i o n and p u r i f i c a t i o n steps ( s e c t i o n s 
5•3•3J 5»3'^)« The e x t r a c t e d peptides would t h e r e f o r e seer 
t o be r e p r e s e n t a t i v e of the pools present i n v i v o . 
5 . i f . l . l Peptide Separation 
Separation of peptides by Sephadex G-15 g e l - e x c l u s i o n 
chromatography i s a l s o e f f e c t i v e . Apart from those anomalies 
discussed p r e v i o u s l y ( s e c t i o n 5»3*5»1)> s e v e r a l l i n e s of e v i -
dence i n d i c a t e t h a t s e p a r a t i o n i s based upon molecular w e i g h t . 
( i ) No 'bound' amino acids (presumptive p e p t i d e s ) e l u t e 
i n the amino a c i d f r a c t i o n s (28-30). Thus, t h e r e i s no 
r e t a r d a t i o n of 'peptide' movement i n the column. 
( i i ) Known p e p t i d e s , a p p l i e d t o the G-15 column i n the 
presence of endosperm e x t r a c t , e l u t e i n the expected 
f r a c t i o n s ( s e c t i o n 5*3*^)• 
( i i i ) The average chain l e n g t h of the 'peptides' i n each 
f r a c t i o n , as estimated from the r a t i o of the N-terminal amino 
acids t o the t o t a l 'bound' amino acids ( s e c t i o n 5-**«3)* 
corresponds w e l l w i t h the values p r e d i c t e d from the column 
c a l i b r a t i o n ( s e c t i o n 5-3*2). 
( i v ) I n an 'average' p r o t e i n , the m a j o r i t y of l y s i n e and 
t y r o s i n e r e s i d ues w i l l be l o c a t e d w i t h i n the p o l y p e p t i d e 
c h a i n , r a t h e r than a t the N-terminus. Thus, N-te r m i n a l 
a n a l y s i s w i l l g i v e extremely h i g h r a t i o s of DNS-o-tyr and 
DNS-t-lys t o the b i s - d e r i v a t i v e s . However, i f t h e p r o t e i n 
has been randomly cleaved to sm a l l p e p t i d e s , t h i s r a t i o 
- 356 -
w i l l be v e r y much s m a l l e r . The absence of any d e t e c t a b l e 
DNS-o-tyr, and no more DNS-£-lysine than bis-DNS-lysine, i n 
the r p e p t i d e f f r a c t i o n s , i s a good i n d i c a t i o n t h a t no l a r g e 
p o l y p e p t i d e s / p r o t e i n s are present. 
Thus, a number of independent l i n e s o f evidence i n d i c a t e 
t h a t adequate s e p a r a t i o n of p e p t i d e s , p r o t e i n s and amino acids 
i s achieved; o n l y peptides w i t h l e s s than about s i x residues 
w i l l e l u t e i n f r a c t i o n 21-27, the ' p e p t i d e 1 f r a c t i o n s . 
5.W.1.2 Amino A c i f l SugntifJ-ggtipn 
Most amino acids have no measurable absorbance at 206nm, 
and the h i g h l e v e l s of f r e e p r o l i n e i n t e r f e r e w i t h a n a l y s i s 
using f l u o r e s c a m i n e ( s e c t i o n 5»3*5*x+)* Thus, o n l y the TNBS 
and dansyl c h l o r i d e methods were used f o r the sssnv of f r e e 
amino a c i d s , b o t h methods gave s i m i l a r l e v e l s of f r e e amino 
acids i n each f r a c t i o n . The somewhat lower values o b t a i n e d 
w i t h TNBS i n c e r t a i n f r a c t i o n s may r e f l e c t the l a c k of 
r e a c t i o n of t h i s reagent w i t h p r o l i n e . 
5A.1.3 PepUfl? Quantification 
The most r e l i a b l e estimates of the amount of pe p t i d e 
i n each f r a c t i o n might be expected t o come from d a n s y l 
c h l o r i d e a n a l y s i s a f t e r a c i d h y d r o l y s i s . However, i t i s 
i n a d v i s a b l e t o assume t h a t a l l amino acids r e l e a s e d by 
h y d r o l y s i s are, i n f a c t , peptide-bound ( s e c t i o n 5*1). I n 
a d d i t i o n , i n order t o determine the p e p t i d e c o n c e n t r a t i o n , 
i t i s e s s e n t i a l t o know the 'average 1 c h a i n l e n g t h i n each 
f r a c t i o n . Although the t h e o r e t i c a l values are known, 
from c a l i b r a t i n g the G-15 column ( s e c t i o n 5*3*2), i t i s 
- 357 
i m p o r t a n t t o demonstrate t h a t the peptides are indeed 
adequately separated. Thus, s e v e r a l a d d i t i o n a l methods 
were employed t o estimate the pe p t i d e c o n c e n t r a t i o n i n 
each ' p e p t i d e 1 f r a c t i o n ; t o g e t h e r these show t h a t the 
1 bound' amino acids detected u s i n g dansyl c h l o r i d e are 
indeed small p e p t i d e s . 
Absorbance at 206nm: The c l o s e agreement between 
the l e v e l s of 'bound' amino acids ( e s t i m a t e d by dansyl 
c h l o r i d e ) and the number of p e p t i d e bonds ( e s t i m a t e d by 
206nm absorbance) i n d i c a t e s t h a t the 'bound 1 amino acids 
are indeed p e p t i d e s . This being the case, l i t t l e non-
peptide m a t e r i a l which absorbs at 206nm seems t o e l a t e i n 
the 'peptide' f r a c t i o n s . Thus, 2C6nm absorbance can be 
used as a r a p i d scanning method to estimate the amount of 
peptide e l u t e d i n each f r a c t i o n . However, 206nm absorbance 
estimates the p e p t i d e bonds present, w h i l e dansyl c h l o r i d e 
estimates the peptide-bound amino a c i d s . For l a r g e pep-
t i d e s , the presence of one more amino a c i d r e s i d u e i n each 
peptide than the t o t a l number of peptide bonds w i l l not 
lead t o any s i g n i f i c a n t d i f f e r e n c e i n the l e v e l of pe p t i d e 
estimated by each method. However, f o r smaller peptides, 
e s t i m a t i o n by 206nm absorbance would be expected t o g i v e 
a c o n s i d e r a b l e underestimate of the amount of pe p t i d e 
present, and f o r d i p e p t i d e s , would only be expected t o 
g i v e 50% of the p e p t i d e l e v e l estimated by d a n s y l c h l o r i d e . 
However, such d i f f e r e n c e s between the two estimates are not 
observed. I n f r a c t i o n s c o n t a i n i n g o n l y very s m a l l peptides 
(26 and 27) the absorbance a t 206nm may even exceed the 
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number of 'bound' amino a c i d residues estimated by dansyl 
c h l o r i d e . Thus, i n these l a t e r 'peptide' f r a c t i o n s (26 # 
27) 5 non-amino compounds i n t e r f e r e w i t h p e p t i d e e s t i m a t i o n 
by 206nm absorbance. S i m i l a r l y , the h i g h 206nm absorbance 
shown by the 'amino a c i d ' f r a c t i o n s i n d i c a t e s t h a t , here t o o , 
s i m i l a r non-peptide compounds are e l u t e d . 
FlUprescagiirie, TNBg gnfl N-tgrplnpJL gngj-yg??: Both 
fluorescamine and TNBS g i v e an estim a t e of the f r e e amino 
groups present i n each f r a c t i o n . The clos e agreement 
between the two assays i n d i c a t e s t h a t , a l t h o u g h a r b i t r a r y , 
d i g l y c i n e i s i n f a c t a good standard f o r the fluorescamine 
r e a c t i o n ( f i g s . 5-3 & 
I n the ' p r o t e i n 1 f r a c t i o n s , the r a t i o of f r e e amino 
groups t o the t o t a l number of 'bound' amino a c i d s , i s s m a l l . 
However, i n the ' p e p t i d e 1 f r a c t i o n s t h i s r a t i o i s c o n s i d e r -
ably l a r g e r ; as the t o t a l number of 'bound' amino acids 
decreases (f r o m f r a c t i o n s 17 t o 27) , the number of f r e e 
amino groups a c t u a l l y increases. Assuming the 'bound' amino 
acids are a l l peptide-bound, the average c h a i n l e n g t h of the 
peptides i n each f r a c t i o n can be c a l c u l a t e d by d i v i d i n g the 
number of amino acids by the number of f r e e amino groups. 
The values o b t a i n e d correspond w e l l w i t h those p r e d i c t e d 
from c a l i b r a t i o n of the G-15 column (data not shown). 
The number of N-ter m i n a l amino acids i n each f r a c t i o n i s 
very s i m i l a r t o the number of f r e e amino groups ob t a i n e d 
u s i n g fluorescamine and TNBS. Consequently, t h e c h a i n 
l e n g t h s of the 'peptides' i n each f r a c t i o n , c a l c u l a t e d from 
the number of 'bound' amino acids and the number of 
- 359 -
N-t e r m i n a l r e s i d u e s , are al s o v e r y s i m i l a r t o the p r e d i c t e d 
v a l u e s . 
Thus, i t seems reasonable t o assume t h a t the 'bound 1 
amino a c i d s , determined u s i n g dansyl c h l o r i d e , are indeed 
peptide-bound. The e x c e l l e n t agreement between the e x p e r i -
m e n t a l l y d e r i v e d and the p r e d i c t e d p e p t i d e c h a i n l e n g t h s i n 
each f r a c t i o n , seems u n l i k e l y t o be an a r t e f a c t i n t e n 
separate e x t r a c t s . Besides, t h e r e i s c o n s i d e r a b l e i n d e -
pendent evidence t h a t peptides do indeed e l u t e from the 
G-15 column i n the f r a c t i o n s p r e d i c t e d on the basis o f 
t h e i r molecular s i z e ( s e c t i o n 5»*+»l-l)* 
5A.2 Size of the Peptide and A f f i l e Acid Pools 
Assuming t h a t the 'bound' amino acids are conjugated i n 
peptide l i n k a g e s , t h e t o t a l 'peptide' ( f r a c t i o n s 21-27) 
and f r e e amino a c i d pools ( f r a c t i o n s 28-32), i n both the 
endosperm and t h e embryo, can be c a l c u l a t e d f o r each stage 
of g e r m i n a t i o n . The s i z e of the 'peptide' pool i s c a l c u l -
ated from the l e v e l s of 'bound' amino a c i d s , assuming t h a t 
the average p e p t i d e chain l e n g t h i n f r a c t i o n s 21-27 i s t h r e e 
residues (see f i g . 5*2). I n a system l i k e the g e r m i n a t i n g 
seed i t i s d i f f i c u l t t o know the best form i n which t o 
express the amount of any i n d i v i d u a l component, due t o the 
r a p i d changes i n both water content and d r y weight as 
germination proceeds. Thus, the sizes of the p e p t i d e and 
amino a c i d pools have been expressed i n s e v e r a l d i f f e r e n t 
ways ( t a b l e s 5*8 & 5»9). F i g u r e 5•13 shows the v a r i a t i o n s 
i n the s i z e s of these pools, i n both the embryo and endo-
sperm, as g e r m i n a t i o n proceeds. A number of i n t e r e s t i n g 
f e a t u r e s are apparent: 
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( i ) There are c o n s i d e r a b l e amounts of p e p t i d e *nd f r e e 
amino acids i n the ungerminated b a r l e y g r a i n . Comparison 
of t h e amount of p e p t i d e i n the proximal and d i s t a l h a l f -
g r a i n s ( t a b l e 5*9) i n d i c a t e s t h a t most of the p e p t i d e i s 
endospermal ( e s p e c i a l l y c o n s i d e r i n g the embryo o n l y occupies 
a s m a l l p r o p o r t i o n of the pr o x i m a l h a l f - g r a i n ) . However, i t 
seems t h a t the f r e e amino acids are at a hi g h e r c o n c e n t r a t i o n 
i n the embryo than t h e endosperm ( t a b l e 5-8). Jones and 
Pierce (1967b) have r e p o r t e d t h a t 38$ of the t o t a l f r e e amino 
acids of ungerminated b a r l e y g r a i n s are i n the embryo. 
The h i g h l e v e l s of pe p t i d e i n the ungerminated g r a i n may 
r e f l e c t the l e n g t h of time the g r a i n s were s t o r e d . They 
were harvested at l e a s t t h r e e years p r i o r t o t h i s s tudy. 
Low l e v e l s of p r o t e o l y t i c a c t i v i t y i n the ungerminated g r a i n s 
may have produced a pool of p e p t i d e s ; enzymic a c t i v i t y has 
been r e p o r t e d i n unimbibed b a r l e y g r a i n s (Stevens & Stevens, 
1976). A l t e r n a t i v e l y , these peptides may have been present 
as the g r a i n matured and d r i e d . 
( i i ) The l e v e l s of pe p t i d e i n t h e endosperm decrease 
d u r i n g the f i r s t 2*+h of g e r m i n a t i o n . This may be due t o 
the movement of peptides t o the embryo v i a the p e p t i d e 
t r a n s p o r t system, known t o be a c t i v e a f t e r o n l y a few 
hours of g e r m i n a t i o n ( s e c t i o n 6.2). I n a d d i t i o n , t h e 
o v e r a l l l o s s of p e p t i d e from the g r a i n (embryo plus endo-
sperm) between days 0 and 1, i n d i c a t e s t h a t peptidases are 
a c t i v e . 
( i i i ) The s i z e of the p e p t i d e and amino a c i d pools i n 
the endosperm increases t o a maximum a f t e r 2-3 days of 
g e r m i n a t i o n , and subsequently d e c l i n e s ( f i g . 5.13)• S i m i l a r 
changes i n the s o l u b l e , n o n - p r o t e i n n i t r o g e n f r a c t i o n s 
( p r o b a b l y peptides)? and the f r e e amino a c i d pools, have 
been r e p o r t e d i n b a r l e y (Folkes & Yemm, 1958) and maize 
( I n g l e .gt a l . , 196*f; Oaks & Beevers, 196*+) endosperm. 
( i v ) The s i z e of the pep t i d e pool reaches a peak before 
the f r e e amino a c i d p o o l . This might be expected i f f r e e 
amino acids are produced from peptides by h y d r o l y r i s . 
( v ) There are s i m i l a r amounts of f r e e and p e p t i d e -
bound amino acids i n the endosperm. This i n d i c a t e s t h a t 
peptides might be at l e a s t as importa n t as amino acids i n 
the t r a n s p o r t of n i t r o g e n from the endosperm t o the embryo. 
The c o n c e n t r a t i o n of peptides i n the endosperm reaches 
3-UmM d u r i n g g e r m i n a t i o n ( t a b l e 5-9)* This value i s , of 
course, a minimum c o n c e n t r a t i o n . Assuming a l l the peptides h.^vo 
been e x t r a c t e d , i t i s u n l i k e l y t h a t they are evenly d i s t r i b -
uted throughout the endosperm i & v i v o : higher c o n c e n t r a t i o n s 
may be reached adjacent t o the s c u t e l l u m . These p e p t i d e 
c o n c e n t r a t i o n s are remarkably c l o s e t o the K+. values 
obtained f o r t h e s c u t e l l a r p e p t i d e t r a n s p o r t system ( s e c t i o n 
3-1-3.6). Thus, peptides are present i n the endosperm a t 
adequate c o n c e n t r a t i o n s f o r the e f f i c i e n t o p e r a t i o n of the 
peptide t r a n s p o r t system. I t can be c a l c u l a t e d t h a t t h e 
r a t e of peptide t r a n s p o r t at th e r e p h y s i o l o g i c a l concen-
t r a t i o n s of pept i d e can adequately account f o r the 
complete t r a n s f e r of n i t r o g e n from the endosperm t o the 
embryo d u r i n g g e r m i n a t i o n (appendix U). S i m i l a r l y , the 
r a t e s of amino a c i d t r a n s p o r t are unable t o account f o r 
t h i s t r a n s f e r . 
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( v i ) Peptides are also d e t e c t e d i n the embryo. This 
i s c o n s i s t e n t w i t h a number of r e p o r t s which i n d i c a t e t h r t 
peptides may be present i n growing seedlings ( s e c t i o n 1.2-3). 
These may a r i s e from the movement of peptides i n ^ o the embryo 
from the endosperm. A l t e r n a t i v e l y , they may be produced 
w i t h i n the embryo, e i t h e r as precursors of p r o t e i n , r e l e a s e d 
from the ribosomes d u r i n g e x t r a c t i o n , or more probably from 
the degradation of storage p r o t e i n s known t o be present i n 
the s c u t e l l u m (Dure, 1960). 
( v i i ) U n l i k e the peptide p o o l , the f r e e amino a c i d pool 
of the embryo increases very r a p i d l y d u r i n g g e r m i n a t i o n . 
S i m i l a r increases have been r e p o r t e d elsewhere (Folkes 5 
Yemm, 1958; I n g l e £i 196W; Jones & Pi e r c e , 1967b). 
However, although the t o t a l amount of amino acids per embryo 
increases markedly, the c o n c e n t r a t i o n of amino acids i n the 
c e l l f l u i d remains r e l a t i v e l y constant ( t a b l e 5*8). 
( v i i i ) Although the t o t a l amount of pe p t i d e i n each 
endosperm decreases between days 2 and 6 of g e r m i n a t i o n , the 
amount per g d r y weight a c t u a l l y increases ( f i g . 5«l lO* 
Assuming a seed p r o t e i n content of 10%, at day 2 about 3^ 
of the endosperm n i t r o g e n i s present as pe p t i d e or amino 
a c i d . This p r o p o r t i o n can reach 15% by day 6, as n i t r o g e n 
i s removed from the endosperm. 
5A.3 Peptide Cfraln U n g t f r 
At any p a r t i c u l a r stage of g e r m i n a t i o n , peptides of a l l 
sizes are present i n s i m i l a r amounts; t h e r e i s no pre-
ponderance o f , say, d i - or t r i p e p t i d e s . Thus, a l t h o u g h 
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s m a l l peptides are produced i n the endosperm d u r i n g germina-
t i o n they do not accumulate, and may even d e c l i n e , d e s p i t e 
the apparent absence of any peptidase a c t i v i t y ( s e c t i o n 
1.3-*+) • This i s a good i n d i c a t i o n t h a t peptides are being 
t r a n s p o r t e d t o the embryo. 
5 A A Amino Acid Compositions 
Endosperm Protein* F r a c t i o n s 
The amino a c i d composition of the endosperm ' p r o t e i n * 
f r a c t i o n s remains r e l a t i v e l y constant throughout g e r m i n a t i o n 
( s e c t i o n 5.3.5.1)• Although at day 0 t h i s a n a l y s i s i n c l u d e s 
the embryo, t h i s i s u n l i k e l y t o a f f e c t the o v e r a l l com-
p o s i t i o n . The embryo c o n t a i n s l e s s than 10% of the t o t a l 
b a r l e y p r o t e i n (Jones & P i e r c e , 196?b) and anyway, t h e 
composition of the embryo ' p r o t e i n 1 i s s i m i l a r t o t h a t of 
the endosperm ( s e c t i o n 5.^.^*3)• 
However, the composition of the i s o l a t e d ' p r o t e i n 1 
f r a c t i o n s d i f f e r s from the amino a c i d composition of the 
ungerminated g r a i n ( t a b l e 5*2). This d i f f e r e n c e seems t o be 
r e a l : 
( i ) The compos i t i o n of the ' p r o t e i n 1 f r a c t i o n s i s the 
same, whether est i m a t e d u s i n g d a n s y l c h l o r i d e or an auto-
matic amino a c i d a n a l y s e r . 
( i i ) The t o t a l amino a c i d composition of the present 
s t r a i n of b a r l e y (Maris O t t e r , W i n t e r ) i s v e r y s i m i l a r t o 
a l l o t h e r s t r a i n s ( t a b l e 5*2). 
( i l l ) Experimental e r r o r i s u n l i k e l y t o be r e s p o n s i b l e 
f o r the d i f f e r e n c e , as the same composition was o b t a i n e d 
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i n d e p e n d e n t l y f o r the endosperm at seven d i f f e r e n t stages of 
ge r m i n a t i o n -
( i v ) The d i f f e r e n c e i s not simply due t o the s e p a r a t i o n 
of peptides and amino acids from the ' p r o t e i n ' f r a c t i o n s . 
Peptides have the same composition as the ' p r o t e i n ' 
f r a c t i o n s . ( t a b l e 5*2), and o n l y 2% of the t o t a l amino acids 
of the ungerminated g r a i n are present i n an unbound form 
( c a l c u l a t e d from t a b l e 5*8, assuming a g r a i n p r o t e i n content 
of 1OJ0. 
( v ) The n o n - d i g e s t i b l e p r o t e i n s (e.g. t h e husk) of the 
b a r l e y g r a i n are u n l i k e l y to account f o r t h i s d i f f e r e n c e , as 
the 'average' amino a c i d composition of the b a r l e y storage 
p r o t e i n s i s ve r y s i m i l a r t o the t o t a l composition of the 
g r a i n ( t a b l e 5*2). 
One would not n e c e s s a r i l y expect the amino a c i d compo-
s i t i o n o f t h e ' p r o t e i n ' f r a c t i o n s t o resemble the o v e r a l l 
amino a c i d composition of the g r a i n , as no attempt was made 
to e x t r a c t a r e p r e s e n t a t i v e sample of the endosperm p r o t e i n s . 
However, the ' p r o t e i n ' f r a c t i o n s do not simply r e p r e s e n t the 
s p e c i f i c e x t r a c t i o n of one of the main storage p r o t e i n s . 
Comparison of the amino a c i d composition of the ' p r o t e i n ' 
f r a c t i o n s w i t h the composition of each of the major b a r l e y 
storage p r o t e i n s ( t a b l e 5*2) shows t h a t no s i n g l e p r o t e i n 
has been s p e c i f i c a l l y e x t r a c t e d . The h i g h l e v e l s of 
glutamic a c i d and p r o l i n e i n the ' p r o t e i n ' f r a c t i o n s would 
suggest they are d e r i v e d from h o r d e i n , yet t h e h i g h l e v e l s 
of a l a n i n e and g l y c i n e show t h a t h o r d e n i n , albumin and 
g l o b u l i n must al s o be i n v o l v e d . 
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The e x t r a c t e d ' p r o t e i n 1 f r a c t i o n s a c t u a l l y c o n t a i n no 
p r o t e i n , but a m i x t u r e of p o l y p e p t i d e s v a r y i n g from 6-20 
residues long ( f i g . 5.12)- C l e a r l y , any p r o t e i n s which 
might have been e x t r a c t e d have a l l been p r e c i p i t a t e d d u r i n g 
the remainder of the i s o l a t i o n procedure. Although the 
amino a c i d composition of these p o l y p e p t i d e s seems d i f f e r e n t 
from the t o t a l composition of the b a r l e y g r a i n , the two 
compositions are i n f a c t remarkably s i m i l a r , except f o r two 
amino a c i d s . The e x t r a c t e d p o l y p e p t i d e s have v e r y low 
l e v e l s of glutamate/glutamine and h i g h l e v e l s of g l y c i n e . 
The low l e v e l s of glutamate/glutamine may be accounted f o r 
by the ease w i t h which these two amino acids are converted 
to pyroglutamate, which may be l o s t d u r i n g p u r i f i c a t i o n .^ nd 
s e p a r a t i o n ( s e c t i o n 5«3»5«1)» However, other d i f f e r e n c e s , 
p a r t i c u l a r l y the hi g h l e v e l of g l y c i n e , presumably r e f l e c t 
the s p e c i f i c i t y of protease/peptidase a c t i v i t y (see s e c t i o n 
5 A A . 2 ) . 
5-^-^.2 Endosperm 'Peptide 1 F r a c t i o n s 
The composition of the endosperm 'peptide' f r a c t i o n s i s 
also constant throughout g e r m i n a t i o n . The composition i s 
very s i m i l a r t o the endosperm ' p r o t e i n ' f r a c t i o n s , the o n l y 
important d i f f e r e n c e being the even higher p r o p o r t i o n of 
g l y c i n e i n the peptides ( t a b l e 5*2). There i s no evidence 
f o r the development of s p e c i f i c enzymic a c t i v i t i e s ; 
p r o t e i n / p e p t i d e cleavage i s a p p a r e n t l y u n i f o r m throughout 
g e r m i n a t i o n . I n a d d i t i o n , the composition of the p e p t i d e 
pool seems t o be independent of p e p t i d e s i z e , i n d i c a t i n g 
t h a t s p e c i f i c s m a l l peptides do not occur i n l a r g e 
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q u a n t i t i e s . For example, i f y - g l u t a m y l peptides had beer 
i m p o r t a n t , a h i g h e r p r o p o r t i o n of glutamate i n the d i p e p t i d e 
f r a c t i o n s might have been a n t i c i p a t e d . 
The amino a c i d composition of the 'peptides', l i k e t h a t 
of the ' p r o t e i n ' f r a c t i o n s , d i f f e r s from the o v e r a l l 
composition of the b a r l e y g r a i n ( t a b l e 5*2)• Given t h a t 
these d i f f e r e n c e s are not a r t e f a c t u a l (see s e c t i o n 5»^*+«l)> 
three p o s s i b l e explanation?, may be invoked: 
( i ) Only c e r t a i n of the storage p r o t e i n s are being 
degraded t o p e p t i d e s . This i s u n l i k e l y , as i t seems t h a t 
a l l the major storage p r o t e i n s of b a r l e y c o n t r i b u t e t o the 
' p r o t e i n 1 / 1 p e p t i d e ' f r a c t i o n s ( s e c t i o n 5 - ^ A . l ) . 
( i i ) The unexpectedly h i g h l e v e l s of peptide-bound 
g l y c i n e may r e f l e c t the r a t e of t r a n s f e r from the endosperm 
to the embryo. I n t h i s context, i t i s i n t e r e s t i n g t o note 
t h a t g l y c i n e homopeptides are p o o r l y t r a n s p o r t e d by the 
s c u t e l l a r p e p t i d e t r a n s p o r t system ( s e c t i o n 3»2«3»2)« 
However, the h i g h l e v e l s of g l y c i n e i n the ' p r o t e i n ' 
f r a c t i o n s , which one would not expect t o be a v a i l a b l e f o r 
t r a n s p o r t , preclude t h i s e x p l a n a t i o n , although the g r e a t e r 
p r o p o r t i o n of g l y c i n e i n the 'peptide' than the ' p r o t e i n ' 
f r a c t i o n s may s t i l l r e f l e c t a poor a f f i n i t y f o r t r a n s p o r t . 
( i i i ) S p e c i f i c cleavage of storage p r o t e i n s i s o c c u r r i n g . 
Two main types of enzyme operate i n the endosperm. Endo-
peptidases cleave t h e p r o t e i n s t o smaller p o l y p e p t i d e s 
which can then be attacVed by carboxypeptidases ( s e c t i o n 
1.3.k*5). I t i s p o s s i b l e t h a t bonds i n c l u d i n g g l y c i n e 
residues are p a r t i c u l a r l y r e s i s t a n t t o a t t a c k by b a r l e y 
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carboxypeptidases and thus, the p r o p o r t i o n of g l y c i n e i n 
the peptide f r a c t i o n s i s h i g h . This view i s a l s o sur>corted 
by the low l e v e l s of f r e e g l y c i n e noted i n the endosner?: 
( s e c t i o n 5-l+-1+-5), and produced d u r i n g endosperm breakdown 
i n degermed m a l t , where metabolic removal of f r e e g l y c i n e 
i s u n l i k e l y (Jones & Pier c e , 1966). S i m i l a r l y , the r a p i d 
removal of glutamate/glutamine would account f o r t h e i r low 
l e v e l s i n the pe p t i d e s . I n t h i s respect i t might prove 
f r u i t f u l t o perform C-terminal analyses on the pep t i d e 
f r a c t i o n s . 
I t i s i n t e r e s t i n g t o note t h a t peptides i s o l a t e d from 
wheat f l o u r a l s o have r e l a t i v e l y h i g h l e v e l s of g l y c i n e and 
low l e v e l ? of glutamic a c i d . A s i m i l a r h i g h g l y c i n e / l o w 
glutamate p r o f i l e was produced on p r o t e o l y s i s of s o l u b l e 
wheat f l o u r p r o t e i n (Grant & Wang, 1972). I n maize, f a r 
more g l y c i n e i s found i n endosperm leachate (presumably 
c o n t a i n i n g p e p t i d e s ) than i n the storage p r o t e i n s (Oaks & 
Beevers, 196^). 
Nothing i s known about the s p e c i f i c i t i e s of b a r l e y 
carboxypeptidases f o r g l y c i n e and glutamic a c i d r e s i d u e s , 
although wheat carboxypeptidaser seem t o have a broad 
s p e c i f i c i t y ( P reston & Kruger, 1977)• However, these 
enzymes do have a r e s t r i c t e d a c t i v i t y on peptide bonds 
i n v o l v i n g a p r o l i n e r e s i d u e ( V i s u r i £t a l . , 1969; Moeller 
.§1 a l . , 1970; Yabuuchi et a l . , 1973; Ray, 1976; Baxter, 
1978). The f a c t t h a t p r o l i n e r e s i d ues were not found t o 
accumulate i n peptides i n d i c a t e s t h a t e i t h e r carboxypeptidase 
a c t i v i t y i s s u f f i c i e n t t o r e l e a s e f r e e n r o l i n e , or t h a t a 
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s p e c i f i c enzyme(s) f o r c l e a v i n g such bonds e x i s t s - Some 
evidence i n favo u r of such an enzyme has been presented 
(Jones & Pi e r c e , 1967a), and the carboxypeptidases of wheat 
w i l l a p p a r e n t l y cleave bonds i n v o l v i n g p r o l i n e ( P r e s t o n 
& Kruger, 1976b, 1977). 
5.l+-l+.3 Embrvo ' P r o t e i n 1 F r a c t i o n s 
Although not determined, i t seems probable t h a t the 
embryo ' p r o t e i n s 1 are als o a c t u a l l y p o l y p e p t i d e s of l e s s 
than 20 r e s i d u e s . Their composition resembles the 
composition of the p r o t e i n s from b a r l e y s e e d l i n g s 
r e p o r t e d by o t h e r authors ( t a b l e 5-3)? although are r a t h e r 
h i g h i n g l y c i n e and p r o l i n e and low i n l y s i n e . As f o r the 
endosperm ' p r o t e i n 1 f r a c t i o n s , t h i s may represent d i f f e r -
e n t i a l e x t r a c t i o n , t h e s p e c i f i c degradation of s c u t e l l a r 
storage p r o t e i n s , or simply the f a c t t h a t the young embryos 
analysed here do have a d i f f e r e n t amino a c i d composition 
( p r o b a b l y the r e s u l t of s c u t e l l a r storage p r o t e i n s ) from 
o l d e r s e e d l i n g s . 
S.k.h.k Embrvo 'Peptide 1 F r a c t i o n s 
The amino a c i d composition of t h e embryo 'peptide' 
f r a c t i o n s i s v e r y s i m i l a r t o the ' p r o t e i n ' f r a c t i o n s , 
except t h a t they c o n t a i n v e r y much more g l y c i n e . This 
may be the r e s u l t o f the t r a n s p o r t of g l y c i n e - r i c h peptides 
from the endosperm t o the s c u t e l l u m . On the o t h e r hand, 
i t may be due t o the l a c k o f peptidase a c t i v i t y on g l y c i n e -
c o n t a i n i n g p e p t i d e s . 
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5.*+A.5 Free Amino Acid Pools 
The absence of a r g i n i n e , p h e n y l a l a n i n e , h i s t i d i n e , 
t y r o s i n e and tr y p t o p h a n from t h e pools r e f l e c t s the 
l i m i t a t i o n s of the methods employed (see s e c t i o n 5-3-5*1). 
Changes i n the composition of the f r e e amino a c i d pools 
d u r i n g g e r m i n a t i o n , expressed i n percentage terms, are o f t e n 
m i s l e a d i n g due t o the l a r g e v a r i a t i o n s apparent i n the l e v e l s 
of one or two p a r t i c u l a r amino a c i d s . I n a d d i t i o n , the con-
s i d e r a b l e d i f f e r e n c e s i n c o n c e n t r a t i o n between the amino 
acids e l u t i n g i n any one f r a c t i o n made accurate e s t i m a t i o n 
by the dansyl c h l o r i d e method d i f f i c u l t . However, comparisons 
can be made w i t h the 'peptide' p o o l s . 
The composition of the endosperm amino a c i d pool remains 
r e l a t i v e l y constant d u r i n g g e r m i n a t i o n , yet the composition 
i s v e r y d i f f e r e n t from t h a t of the ' p e p t i d e 1 pool ( t a b l e 5**+)* 
The l e v e l s of l e u c i n e , v a l i n e , a n d p a r t i c u l a r l y p r o l i n e , a r e 
much higher than i n the 'peptide' p o o l , w h i l e g l y c i n e and 
g l u t a m i c a c i d are r e l a t i v e l y low. Presumably the amount 
of any p a r t i c u l a r amino a c i d i n the endosperm r e f l e c t s a 
balance between i t s r a t e of p r o d u c t i o n by carboxypeptidase 
a c t i v i t y and i t s t r a n s f e r t o the embryo. I n a d d i t i o n , two 
amino a c i d s , lE' and GAB, are found which are t o t a l l y absent 
from the ' p r o t e i n ' / ' p e p t i d e ' f r a c t i o n s . 
The f r e e amino a c i d pool of the embryo i s s i m i l a r t o 
t h a t of the endosperm ( t a b l e 5 = 5 )> although i t s o v e r a l l 
s i z e increases enormously d u r i n g g e r m i n a t i o n . 
A number of i n t e r e s t i n g v a r i a t i o n s i n c o m p o s i t i o n , 
d u r i n g g e r m i n a t i o n , can be i d e n t i f i e d . The unknown amino 
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a c i d , E, i s present i n r e l a t i v e l y l a r g e amounts i n the 
ungerminated seed* Comparison of the composition of 
proximal and d i s t a l h a l f - g r a i n s shows t h a t E i s predom-
i n a n t l y l o c a t e d i n the embryo. During g e r m i n a t i o n , E 
r a p i d l y disappears from the endosperm. I n the embryo, 
however, although as a percentage of the t o t a l amino a c i d 
pool E seems t o decrease, i n terms of nm/grain i t remains 
r e l a t i v e l y c o n s t a n t . Thus, the apparent l o s s of E i n the 
embryo i s a c t u a l l y due t o a constant l e v e l being maintained, 
w h i l e a l l o t h e r amino acids i n c r e a s e . 
GAD increases more r a p i d l y than any o t h e r amino a c i d , 
i n both the endosperm and embryo- The accumulation of t h i s 
amino a c i d i n b a r l e y i s w e l l known, and has been discussed 
elsewhere ( s e c t i o n 3»3«3«3)« Changes i n the l e v e l s of o t h e r 
i n d i v i d u a l amino acids w i l l a l s o not be considered f u r t h e r , 
as v a r i a t i o n s i n the composition of the f r e e amino a c i d 
pool, p a r t i c u l a r l y p r o l i n e , g l u t a m i c a c i d and a l a n i n e , are 
very dependent upon the c o n d i t i o n s i n which the b a r l e y 
g r a i n i s germinated-
- 375 
5.5 Conclusions 
During g e r m i n a t i o n of the b a r l e y g r a i n , a c o n s i d e r a b l e 
pool o f peptides i s produced i n the endosperm, s i m i l a r i n 
s i z e t o the f r e e amino a c i d p o o l . I t has been shown t h a t 
t h i s pool i s adequate f o r the e f f i c i e n t o p e r a t i o n of the 
peptide t r a n s p o r t system. Indeed, peptides would seem t o be 
at l e a s t as i m p o r t a n t as amino acids i n the t r a n s f e r of 
n i t r o g e n from the endosperm t o the embryo d u r i n g g e r m i n a t i o n . 
I n a d d i t i o n t o the peptides i n the endosperm, a pool of 
peptides has als o been demonstrated i n the growing embryo. 
Although t h e r e have been many I n d i c a t i o n s t h a t p l a n t t i s s u e s 
may c o n t a i n such a pool ( s e c t i o n 1.2.3), the present r e s u l t s 
p r o v i d e the f i r s t unambiguous evidence. I t seems l i k e l y 
t h a t the methods employed here could be a p p l i e d t o o t h e r 
p l a n t t i s s u e s , w i t h l i t t l e or no m o d i f i c a t i o n , i n an attempt 
t o e s t a b l i s h the general e x i s t e n c e , or ot h e r w i s e , of pe p t i d e 
pools. 
I f p e p t i d e pools i n ot h e r t i s s u e s a l s o prove t o be of the 
same order of magnitude as the f r e e amino a d d pools, I t 
would be i n t e r e s t i n g t o consider t h e i r p o s s i b l e f u n c t i o n s , 
i f any. Does the pool have any s p e c i f i c metabolic or 
r e g u l a t o r y f u n c t i o n ? I s the pool i m p o r t a n t i n r e g u l a t i n g 
the supply of f r e e amino acids f o r p r o t e i n s y n t h e s i s and 
other metabolic processes? I n the absence of peptidase 
a c t i v i t y , peptides might serve t o ' p r o t e c t 1 amino acids 
from c a t a b o l i s m . I s t h e pool undergoing r a p i d t u r n o v e r 
or are the peptides sequestered away from m e t a b o l i c a c t i v i t y ? 
Ts the pool i m p o r t a n t i n the iLOVement of n i t r o g e n w i t h i n and 
between c e l l s ? C l e a r l y , t h e r e i s c o n s i d e r a b l e scope here 
for furf.hor \ nv*>MM ^ nt\on. 
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CHAPTER 6 
CONCLUDING REMARKS 
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The c h a r a c t e r i z a t i o n of a peptide t r a n s p o r t system i n the 
g e r m i n a t i n g b a r l e y g r a i n extends the range of organisms 
which peptide t r a n s p o r t i s known to be i m p o r t a n t t o a l l the 
major groups: b a c t e r i a , f u n g i , animals, and now p l a n t s . This 
a p p a r e n t l y u n i v e r s a l d i s t r i b u t i o n emphasises the i m p o r t a n t r o l e 
which peptide t r a n s p o r t may serve i n the n i t r o g e n n u t r i t i o n of 
c e l l s . Furthermore, i n f o r m a t i o n o b t a i n e d i n h i g h e r p l a n t s n.ay 
provide an a l t e r n a t i v e o u t l o o k on c e r t a i n aspects of p e p t i d e 
t r a n s p o r t , and t h u s , shed a new l i g h t on problems which have 
a r i s e n as a r e s u l t of s t u d i e s on o t h e r groups of organisms. 
6.1 The Role o f Peptide Transport I n Vivo 
The a b i l i t y of b a r l e y embryos t o absorb p e p t i d e s , t o g e t h e r 
w i t h evidence t h a t peptides are produced i n the endosperm, 
i m p l i e s t h a t t h e peptide t r a n s p o r t system 
f u n c t i o n s i n the t r a n s f e r of n i t r o g e n from the endosperm t o 
the embryo d u r i n g g e r m i n a t i o n . However, t h i s gives no i n d i -
c a t i o n of the importance of the t r a n s p o r t system i n the 
germination process, or the p r o p o r t i o n of n i t r o g e n which i t 
handles. Indeed, a l t e r n a t i v e r o l e s , not i n v o l v i n g the b u l k 
movement of n i t r o g e n , may a l s o be envisaged. More l i g h t i s 
shed on the r o l e of the peptide t r a n s p o r t system by a number 
of l i n e s of evidence, both d i r e c t and i n d i r e c t , presented 
above. A l l i n d i c a t e t h a t the p e p t i d e t r a n s p o r t system i s of 
c o n s i d e r a b l e importance i n the m o b i l i z a t i o n of n i t r o g e n 
d u r i n g the g e r m i n a t i o n of b a r l e y g r a i n s . 
( i ) The p e p t i d e t r a n s p o r t system i s s p e c i f i c a l l y l o c a t e d 
i n the s c u t e l l u m , the s i t e of a b s o r p t i o n from the endosperm. 
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( i i ) The pH optimum f o r t r a n s p o r t i s low, but s i m i l a r 
t o t h e pH of the endosperm i n v i v o , the environment t o which 
i t i s exposed. 
( i i i ) The of the t r a n s p o r t system i s v e r y s i m i l a r 
t o t h e l e v e l s of p e p t i d e present i n the endosperm d u r i n g 
g e r m i n a t i o n . 
i 
( i v ) The d i s t r i b u t i o n of peptidases i n the b a r l e y g r a i n 
i n d i c a t e s t h a t peptides are absorbed by the s c u t e l l u m p r i o r 
t o h y d r o l y s i s . 
( v ) Peptides and amino acids are produced at s i m i l a r 
c o n c e n t r a t i o n s i n the endosperm, yet at such c o n c e n t r a t i o n s , 
peptides are taken up by the s c u t e l l u m r a t h e r f a s t e r than 
amino a c i d s . 
( v i ) At p e p t i d e c o n c e n t r a t i o n s e q u i v a l e n t t o those i n 
the endosperm, the r a t e of p e p t i d e t r a n s p o r t i s s u f f i c i e n t 
t o account f o r the known r a t e of n i t r o g e n t r a n s f e r from 
the endosperm t o the embryo. 
F u r t h e r experiments designed t o c o n f i r m t h i s i n v i v o 
r o l e should i n c l u d e the demonstration t h a t the a c t u a l 
m i x t u r e of peptides i s o l a t e d from b a r l e y endosperm can be 
handled at an adequate r a t e . F i n a l proof w i l l await the 
design of s p e c i f i c i n h i b i t o r s of peptide t r a n s p o r t or 
s u i t a b l e systems f o r i s o l a t i n g mutant p l a n t c e l l s ( s e c t i o n 
6.5). Thus, growth ( i f any) of seeds l a c k i n g a f u n c t i o n a l 
p eptide t r a n s p o r t system can be compared w i t h the p a r e n t a l 
s t r a i n . 
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6.2 Development and R e g u l a t i o n of Peptide Transport 
L i t t l e a t t e n t i o n has been paid d u r i n g t h i s study t o ""he 
development and r e g u l a t i o n of peptide t r a n s p o r t . What e v i -
dence i s a v a i l a b l e i n d i c a t e s t h a t , once o p e r a t i v e , t h e r e i s 
l i t t l e or no r e g u l a t i o n of p e p t i d e uptake except through 
the supply of s u b s t r a t e . Thus, uptake and accumulation of 
i n t a c t peptide i s l i n e a r over e s s e n t i a l l y i n d e f i n i t e p e r i o d s : 
no evidence f o r feedback i n h i b i t i o n has been obtained- This 
i s perhaps not s u r p r i s i n g i n view of the c o n s i d e r a b l e meta-
b o l i c s i n k p r o v i d e d by the growing embryo, and the a d d i t i o n a l 
p o s s i b i l i t y of removing any excess peptides/amino acids by 
s e q u e s t r a t i o n w i t h i n the vacuolar system. 
There is? some evidence to suggest t h a t the peptide 
t r a n s p o r t system increases i n a c t i v i t y d u r i n g g e r m i n a t i o n 
( s e c t i o n 3-^-3)- I t i s not known whether t h i s i s due t o 
a c t i v a t i o n or t o s y n t h e s i s of a d d i t i o n a l t r a n s p o r t p r o t e i n s . 
The mechanism and r e g u l a t i o n of t h i s development warrants 
f u r t h e r i n v e s t i g a t i o n . 
P r e l i m i n a r y experiments have i n d i c a t e d t h a t the p e p t i d e 
t r a n s p o r t system i s present at v e r y e a r l y stages of germina-
t i o n ( s e c t i o n 2 A . 1 ) , and i t i s c l e a r l y a c t i v e at 2*+h. 
Although t h i s might seem s u r p r i s i n g l y e a r l y , i t i s known t h a t 
c onsiderable metabolism occurs w i t h i n the f i r s t few hours of 
i m b i b i t i o n ( C o l l i n s * Wilson, 1975; Stevens A Stevens, 1976). 
tie. novo s y n t h e s i s of protease begins a f t e r o n l y 8h; 60% 
a c t i v i t y i s achieved w i t h i n 2*+h (Jacobsen & Varner, 1967). 
Thus, i f t r a n s p o r t i s dependent upon a c t i v a t i o n or s y n t h e s i s , 
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t h i s must occur at v e r y e a r l y stages of g e r m i n a t i o n . The 
p o s s i b i l i t y of hormonal r e g u l a t i o n (e.g. by g i b b e r e l l i c a c i d ) 
might be considered. 
6 .3 S i t e of the Peptide Transport System and 
Peptidase A c t i v i t y 
I t seems t h a t the vacuolar system plays an i m p o r t a n t 
r o l e i n the u t i l i z a t i o n of p e p t i d e s . Indeed, a p e p t i d e 
t r a n s p o r t system i s probably l o c a t e d i n the surrounding 
membrane, p o s s i b l y even the system c h a r a c t e r i s e d i n t h i s 
study (chapter h). The existence of separate t r a n s p o r t 
systems i n an i n t r a c e l l u l a r membrane and the plasmalemma 
may be c o n f i r m e d , or o t h e r w i s e , u s i n g I s o l a t e d o r g a n e l l e s . 
S i m i l a r l y , the s u b c e l l u l a r l o c a t i o n of peptidases, c l e a r l y 
r e l e v a n t t o t he u t l i z a t i o n of e x t r a c e l l u l a r p e p t i d e s , may 
be i d e n t i f i e d . Recent techniques developed f o r the i s o -
l a t i o n of mature p l a n t vacuoles (as opposed t o p r o t e i n 
bodies and o t h e r v a c u o l e - l i k e o r g a n e l l e s ) may a l l o w such 
st u d i e s i n the r e l a t i v e l y near f u t u r e (Wagner & Siegelman, 
1975; Leigh & Branton, 1976). 
6A P o s s i b l e A p p l i c a t i o n s of Peptide Transport Studies 
The p e p t i d e t r a n s p o r t system i n b a r l e y , as i n a l l o t h e r 
organisms s t u d i e d t o date, l a c k s s p e c i f i c i t y towards the 
amino a c i d s i d e chains of a p e p t i d e . Thus, n o r m a l l y 
impermeant molecules can g a i n access t o the c e l l i f con-
j u g a t e d i n a p e p t i d e which may be handled by the p e p t i d e 
t r a n s p o r t system. Such d e r i v a t i v e s may be u s e f u l i n 
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s c i e n t i f i c s t u d i e s , a l l o w i n g the metabolism ( o r o t h e r 
e f f e c t s ) of n o n - p h y s i o l o g i c a l substances t o be s t u d i e d 
I n v i v o by p r o v i d i n g a means whereby such substances may 
enter the c e l l . An extension of t h i s idea might be a p p l i e d 
t o the design of s p e c i f i c h e r b i c i d e s . Thus, peptides could 
be used as a c a r r i e r t o a l l o w n o r m a l l y impermeant t o x i c 
molecules t o enter the c e l l . A l t e r n a t i v e l y , s p e c i f i c t o x i c 
peptides might be designed; a c e r t a i n amount of success 
has a l r e a d y been achieved i n the design of s p e c i f i c a n t i -
m i c r o b i a l peptides ( L i c h l i t e r e t aJL., 1976; A l l e n et a l . , 
1978; Ringrose, 1979). The p o s s i b i l i t y of d i f f e r e n c e s 
between the p e p t i d e t r a n s p o r t system(s) i n p l a n t s and those 
of v a r i o u s microorganisms might also be e x p l o i t e d i n the 
development of systemic f u n g i c i d e s e t c . Thus, t o x i c pep-
t i d e s might be designed which w i l l enter and k i l l a 
pathogenic microorganism, y e t , due t o the d i f f e r e n c e s i n 
t r a n s p o r t s p e c i f i c i t y , be unable t o enter the host p l a n t 
c e l l s , and consequently remain harmless. 
6.5 Future Avenues f o r Study 
Transport s t u d i e s i n p l a n t s have f a l l e n w e l l behind 
comparable work i n animals and microorganisms. Part of 
the reason f o r t h i s i s the complex n a t u r e of p l a n t c e l l s 
and t i s s u e s which o f t e n complicates i n t e r p r e t a t i o n and 
experimental d e s i g n . Recently, a number of s t u d i e s of amino 
a c i d t r a n s p o r t by c e l l suspension c u l t u r e s has appeared 
( M a r e t z k i & Thorn, 1970; F r a n c k i £t a l . , 1971; King & 
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H i r j i , 1975; King, 1976; H a r r i n g t o n & Smith, 1977; 
B e r l i n & Mu t e r t , 1978; Blackman & McDaniel, 1978). Such 
s t u d i e s e l i m i n a t e problems caused by the n o n - u n i f o r m i t y 
of c e l l s w i t h i n a t i s s u e and the need f o r s o l u t e t o pene-
t r a t e i n t o the b u l k of a m u l t i c e l l u l a r organ. I n a d d i t i o n , 
two recent s t u d i e s have i l l u s t r a t e d the advantages of 
using i s o l a t e d p r o t o p l a s t s f o r t r a n s p o r t s t u d i e s (Guv et al*? 
1978; Ruesink, 1978): the absence of a c e l l w a l l reduces 
i n t e r f e r e n c e from the ' u n s t i r r e d l a y e r 1 . 
While i t has been extremely v a l u a b l e t o study p e p t i d e 
t r a n s p o r t i n i n t a c t t i s s u e , i n terms of i d e n t i f y i n g an i n 
vi v o r o l e , i t i s c l e a r t h a t e x t e n s i o n of these s t u d i e s t o 
c e l l suspension c u l t u r e s or p r o t o p l a s t s w i l l be e s s e n t i a l 
f o r d e t a i l e d k i n e t i c s t u d i e s and the e l u c i d a t i o n of the 
molecular mechanisms of t r a n s p o r t and energy c o u p l i n g . T n 
a d d i t i o n , recent work has i n d i c a t e d t h a t i t may be po s s i b l e 
to o b t a i n and m a i n t a i n biochemical mutants of p l a n t c e l l s 
i n c u l t u r e ( B i g o t , 1978; Bourgin, 1978; Zryd, 1978). 
Indeed, amino a c i d analogues have been used t o s e l e c t c e l l 
l i n e s w i t h reduced r a t e s of uptake (Widholm, 197^, 1976: 
B e r l i n & Widholm, 1978a,b). The advent of such techniques 
should prove extremely f r u i t f u l i n st u d y i n g the mechanism(s) 
of p e p t i d e , and a l l other p l a n t t r a n s p o r t processes. 
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6.6 P o s s i b l e Roles f o r Peptide Transport i n Pl a n t s 
I n view of the widespread importance of peptides i n the 
n u t r i t i o n of animals and microorganisms, and the present 
demonstration t h a t a c t i v e p e p t i d e t r a n s p o r t can operate i n 
p l a n t c e l l s , i t i s perhaps p e r t i n e n t t o speculate on other 
p o s s i b l e r o l e s f o r p e p t i d e t r a n s p o r t w i t h i n the p l a n t 
kingdom. I n s i t u a t i o n s i n which organic n i t r o g e n i s known 
t o be t r a n s p o r t e d by p l a n t c e l l s i t has almost always been 
assumed, o f t e n w i t h l i t t l e j u s t i f i c a t i o n , t h a t t r a n s p o r t i s 
s o l e l y i n the form of f r e e amino a c i d s . However, i n many 
s i t u a t i o n s p e p t i d e t r a n s p o r t c o u l d e q u a l l y w e l l operate and, 
i n a d d i t i o n , may confer a number of advantages over the 
t r a n s p o r t of f r e e amino a c i d s . 
6.6.1 U t i l i z a t i o n of Exogenous Peptides 
6.6.1.1 Al&ajS 
While c e r t a i n algae are able t o t r a n s p o r t and u t i l i z e 
exogenous amino acids as a n i t r o g e n source, the possession 
of t h i s f a c i l i t y i s by no means u n i v e r s a l . These d i f f e r e n c e s 
presumably r e f l e c t a d a p t a t i o n t o s p e c i f i c e c o l o g i c a l niches 
i n which organic n i t r o g e n may or may not be p r e v a l e n t . 
Peptide t r a n s p o r t , i f i m p o r t a n t , might t h e r e f o r e be expected 
to p a r a l l e l the e x i s t e n c e of amino a c i d t r a n s p o r t systems-
Amino acids seem t o be unimportant i n the n u t r i t i o n of 
blue-green algae (Smith, 1973)- This i s perhaps not sur-
p r i s i n g , i n view of the a b i l i t y of blue-green algae t o f i x 
atmospheric n i t r o g e n . Thus, i t al s o seems u n l i k e l y t h a t 
p eptide uptake w i l l be i m p o r t a n t , a l t h o u g h a r o l e may e x i s t 
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i n species f a v o u r i n g h i g h l y e u t r o p h i c water. However, i t i s 
w e l l known t h a t blue-green algae, both f r e e - l i v i n g and in-
symbiotic a s s o c i a t i o n s , may r e l e a s e l a r g e q u a n t i t i e s of 
e x t r a c e l l u l a r p e p t ides ( s e c t i o n 1.2.2.2). Although t h e r e 
i s l i t t l e evidence t o show t h a t these peptides are released 
i n t a c t across the plasmalemma, t h i s presumably i s the case. 
A peptide t r a n s p o r t system may t h e r e f o r e be present, 
although p o s s i b l y w i t h a r e s t r i c t e d s p e c i f i c i t y r a t h e r than 
s e r v i n g a general n u t r i t i o n a l r o l e . 
Amongst the e u k a r y o t i c algae, the occurrence of amino 
ac i d t r a n s p o r t systems i s very v a r i a b l e . Many, though by 
no means a l l , marine phytoplankton are able t o u t i l i z e a^-ino 
acids present i n sea water ( N o r t h & Stephens, 1972; Stephens, 
1972; Wheeler e t a l . T I9?h). S i m i l a r l y , c e r t a i n f r e s h w a t e r 
algae possess a general amino a c i d t r a n s p o r t c a p a c i t y 
( B o l l a r d , 1966; K i r k A K i r k , 1978c) although many ot h e r 
species a p p a r e n t l y l a c k such a f a c i l i t y ( K i r k & K i r k , 
1978a,b,c). Again, i t seems l i k e l y t h a t , where amino acid 
uptake i s i m p o r t a n t , the simultaneous a b i l i t y t o absorb 
peptides w i l l c o n f e r an a d d i t i o n a l advantage. I t i s a l s o 
p o s s i b l e t h a t , i n c e r t a i n species, peptide t r a n s p o r t may 
occur t o the e x c l u s i o n of amino acids (as i n c e r t a i n b a c t e r i a : 
Pittman £i £ l - , 1967)* I t has been r e p o r t e d thnt c e r t a i n 
s t r a i n s of C h l o r e l l a w i l l u t i l i z e peptides ( B o l l a r d , 1966), 
although the p o s s i b i l i t y of e x t r a c e l l u l a r h y d r o l y s i s was not 
discounted. However, North (1975) has suggested ( a l t h o u g h 
by no means c o n c l u s i v e l y ) t h a t many marine p h y t o p l a n k t o n 
are unable to u t i l i z e peptides present i n sea water. Given 
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the r a p i d i t y of the f l u o r e s c e n c e methods desc r i b e d here 
(chapter 2) i t would be simple, and perhaps r e v e a l i n g , to 
screen a range of s u i t a b l e algae f o r the c a p a c i t y t o absorb 
sm a l l p e p t i d e s . 
6.6.1.2 Pl a n t A s s o c i a t i o n s 
flany examples of p a r a s i t i c and symbiotic a s s o c i a t i o n s 
are known w i t h i n the p l a n t kingdom i n which n i t r o g e n i s 
t r a n s f e r r e d from one species t o another. Thus, p a r a s i t i c 
p l a n t s , which absorb and u t i l i z e organic n i t r o g e n from 
t h e i r h o s t s, may have a peptide t r a n s p o r t system(s) i n t h e i r 
h a u s t o r i a . Such a system would be most a p p r o p r i a t e i n 
species s e c r e t i n g proteases ( o r i n c r e a s i n g host p r o t e o l y t i c 
a c t i v i t y ) and absorbing the h y d r o l y t i c products. 
Although s p e c i f i c peptides may be t r a n s f e r r e d between 
two symbionts, i t seems r a t h e r less l i k e l y t h a t a general 
peptide t r a n s p o r t system w i l l be i m p o r t a n t . A m i x t u r e of 
amino acids and s m a l l p e p t i d e s , such as might r e s u l t from 
p r o t e o l y s i s , i s u n l i k e l y t o be the form i n which n i t r o g e n 
i s t r a n s f e r r e d . More e f f i c i e n t would be the i n c o r p o r a t i o n 
of f i x e d n i t r o g e n i n t o a l i m i t e d number of chemical species, 
s p e c i f i c a l l y f o r t r a n s p o r t between symbionts. Most 
a v a i l a b l e evidence, although a d m i t t e d l y r a t h e r l i m i t e d , 
suggests t h i s t o be the case. Often n i t r o g e n i s t r a n s -
ported i n an i n o r g a n i c form, although t h e r e is evidence t h a t 
amino acids ( p a r t i c u l a r l y a l a n i n e ) may be i n v o l v e d i n 
c e r t a i n species (see Smith, 197*4, IT/b; Pate, 1976b). 
However, s p e c i f i c peptides may be i m p o r t a n t i n some of the 
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many, d i v e r s e s y m b i o t i c a s s o c i a t i o n s . Indeed, peptides have 
been i m p l i c a t e d i n c e r t a i n l i c h e n s and n i t r o g e n - f i x i n g r o o t 
nodules ( s e c t i o n 1.2.2.*+). One p a r t i c u l a r advantage would 
be the p r o t e c t i o n of t r a n s p o r t e d n i t r o g e n from metabolism 
( e s p e c i a l l y i n peptides w i t h unusual l i n k a g e s ) u n t i l i t 
reaches i t s m e t a b o l i c s i n k . 
6.6.1.3 Higher Plants 
U n l i k e o t h e r organisms i n which peptide t r a n s p o r t has 
been c h a r a c t e r i z e d , h i g h e r p l a n t s are g e n e r a l l y a u t o t r o p h i c . 
Thus, the u t i l i z a t i o n of e x t e r n a l organic n i t r o g e n sources 
w i l l n o r m a l l y be un i m p o r t a n t . However, a number of 
i n t e r e s t i n g examples may be envisaged, although probably of 
minor importance c o n s i d e r i n g the number of species i n v o l v e d . 
( i ) Uptake by p l a n t r o o t s : I t seems u n l i k e l y t h a t 
many t e r r e s t r i a l p l a n t species w i l l absorb organic n i t r o g e n 
through t h e i r r o o t s , due t o the lack of s u i t a b l e s u b s t r a t e s 
i n the s o i l . However, a number of r e p o r t s of amino a c i d 
t r a n s p o r t by p l a n t r o o t s have appeared ( W r i g h t , 1962; 
Watson and Fowden, 1975; S o l d a l and Nissen, 1978). Thus, 
the p o s s i b i l i t y t h a t peptides are al s o i n v o l v e d cannot yet 
be d i s c o u n t e d . 
The r o o t s of a q u a t i c p l a n t s seem more l i k e l y candidates 
f o r a peptide t r a n s p o r t system. Observations t h a t the 
duckweed may absorb amino acids from aqueous media presumably 
r e f l e c t uptake by the r o o t s ( B o r s t l a p , 197^, 1977, 1978; 
Novacky et a j , . , 1978a). A s i n g l e r e p o r t that t h i s species 
may a l s o u t i l i z e peptides as a n i t r o g e n source ( B o l l a r d , 
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1966) may be due t o a peptide t r a n s p o r t system. The 
p o s s i b i l i t y of p e p t i d e uptake by the leaves of t o t a l l y 
submerged p l a n t s might also be considered, e s p e c i a l l y i n 
species adapted t o h i g h l y e u t r o p h i c c o n d i t i o n s . Amino 
acids are absorbed by the leaves of Sgeria densa ( P e t z o l d 
& Jacob, 1975)• 
( i i ) Carnivorous P l a n t s ; Tt i s w e l l known t h a t i n s e c t s , 
p r o t e i n , peptones, and other forms of organic n i t r o g e n may 
be absorbed by the t r a p s of c a r n i v o r o u s p l a n t s , r e s u l t i n g 
i n increased growth (see review by Higgins & Payne, 1979). 
The s e c r e t i o n of proteases i n t o the t r a p s i m p l i e s t h a t 
i n t a c t p r o t e i n s are not absorbed. Hov/ever, the degree to 
which p r o t e i n i s d i g e s t e d p r i o r to a b s o r p t i o n i s unknovn. 
Complete de g r a d a t i o n to amino acids has been claimed i n 
p i t c h e r p l a n t s (Plummer & Kethl e y , 196*+; Amagase ^ t a l . , 
1972), although i n the Venus-Flytrap e x t r a c e l l u l a r pep-
t i d a s e a c t i v i t y i s a p p a r e n t l y absent (Scala .§£ 1969), 
i n d i c a t i n g t h a t peptide uptake may be i m p o r t a n t . S i m i l a r l y , 
w h i l e t h e r e i s a c e r t a i n amount of evidence t o suggest 
t h a t amino acids may be s p e c i f i c a l l y absorbed by 
c a r n i v o r o u s p l a n t s (Hepburn .et a l . . 1927; Plummer & 
Kethley, 196*+; L u t t g e , 1965; Chandler & Anderson, 1976; 
Simola, 1978a), peptides have also been i m p l i c a t e d 
(Hepburn jg£.al., 1927; Plummer & Kethl e y , 196W; Simola, 
1978b), and i n one case i n t a c t uptake a c t u a l l y demonstrated 
( s e c t i o n 1.2.*+.2). I t t h e r e f o r e seems l i k e l y t h a t p e p t i d e s , 
as w e l l as amino a c i d s , w i l l be i m p o r t a n t i n the a b s o r p t i o n 
of n i t r o g e n by many, i f not a l l c a r n i v o r o u s p l a n t s . 
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6.6.2 Transport of Peptides W i t h i n the P l a n t 
U n l i k e b a c t e r i a , on which the m a j o r i t y of p e p t i d e 
t r a n s p o r t s t u d i e s have been performed, higher p l a n t s are 
m u l t i c e l l u l a r organisms. I n a d d i t i o n t o a b s o r p t i o n from 
the e x t e r n a l environment, t r a n s p o r t of peptides w i t h i n the 
p l a n t body may also be of importance. Two c o n v e n i e n t , 
although p o s s i b l y r a t h e r a r b i t r a r y , c a t e g o r i e s may be con-
s i d e r e d ; l o n g - d i s t a n c e t r a n s p o r t i n v o l v i n g the phloem 
and xylem, and s h o r t d i s t a n c e , c e l l - t o - c e l l t r a n s f e r . 
6.6.2.1 Transport i n the Phloem and Xvlem 
Although t h e r e have been r e p o r t s of peptides i n both 
the phloem and xylem ( s e c t i o n 1.2.2-3)> i s g e n e r a l l y 
considered t h a t the bulk of n i t r o g e n t r a n s p o r t e d i n these 
t i s s u e s i s i n the form of amino acids (see review by 
Higgins & Payne, 1979)* The t r a n s p o r t of amino acids con-
j u g a t e d as peptides might o f f e r p r o t e c t i o n from metabolic 
degradation by enzymes known t o be present i n the phloem, 
although such a f u n c t i o n has y e t t o be demonstrated. 
Most s t u d i e s of phloem and xylem exudates have been 
concerned w i t h s p e c i f i c compounds. I n many cases, a con-
s i d e r a b l e p r o p o r t i o n of the n i t r o g e n may have been present 
as p a r t of a g e n e r a l peptide p o o l , no s i n g l e p e p t i d e being 
present i n d e t e c t a b l e q u a n t i t i e s . S i t u a t i o n s i n which the 
lo n g - d i s t a n c e t r a n s p o r t of such a pool might be i m p o r t a n t 
can be envisaged, p a r t i c u l a r l y d u r i n g the bul k movement of 
p r o t e i n d e g r a d a t i o n products ( e . g . d u r i n g l e a f senescence; 
s e c t i o n b.6,2.2.2). 
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6.6.2-2 C e l l - t o - C e l l Transport 
Two p o s s i b l e r o u t e s f o r s h o r t - d i s t a n c e , c e l l - t o - c e l l , 
t r a n s p o r t must be considered; the e x t r a c e l l u l a r compartment 
( a p o p l a s t ; L s u c h l i , 1976) and the cytoplasmic continuum, 
i n v o l v i n g plasmodesmata (symplasm; Spanswick, 1976). The 
r e l a t i v e importance of these two r o u t e s i s s t i l l t o be 
assessed, a l t h o u g h both seem l i k e l y t o play some r o l e i n 
the t r a n s p o r t of m e t a b o l i t e s w i t h i n the p l a n t . 
The r o l e of the symplasm i n peptide t r a n s p o r t c l e a r l y 
depends upon the s u b c e l l u l a r l o c a t i o n of peptidases w i t h i n 
the c e l l ; p eptides may not remain i n t a c t w i t h i n the 
cytoplasm. A p o p l a s t i c t r a n s p o r t seems a l e s s e f f i c i e n t 
mechanism f o r c e l l - t o - c e l l t r a n s f e r , as i t e n t a i l s the 
s e c r e t i o n and a b s o r p t i o n of m e t a b o l i t e s across the plasma-
lemma as they pass from one c e l l t o the n e x t , presumably an 
energy-dependent process. However, c e l l s from a wide v a r i e t y 
of t i s s u e s are able t o absorb amino a c i d s , o f t e n , i f not 
always, v i a s p e c i f i c t r a n s p o r t systems (see H i g g i n s & Payne, 
1979). I n v i v o , these t r a n s p o r t systems must f u n c t i o n t o 
absorb m e t a b o l i t e s from the e x t r a c e l l u l a r space, i n d i c a t i n g 
a r o l e f o r the apoplast i n the movement of compounds 
throughout the p l a n t body. I t would be i n t e r e s t i n g t o 
know whether such t i s s u e s are also able t o absorb p e p t i d e s . 
Although the t r a n s p o r t of nitrogenous compounds between 
c e l l s w i l l c l e a r l y be of importance throughout the l i f e of 
a m u l t i c e l l u l a r p l a n t , a number of s i t u a t i o n s may be 
envisaged i n which p e p t i d e t r a n s p o r t might be of p a r t i c u l a r 
s i g n i f i c a n c e . 
- 390 -
6.6.2.2.1 Germinating Seeds 
The present study has demonstrated t h a t p e p t i d e t r a n s p o r t 
i s i m p o r t a n t i n the movement of n i t r o g e n d u r i n g the germin-
a t i o n of one p a r t i c u l a r seed, b a r l e y . However, most seeds 
s t o r e l a r g e amounts of nitrogenous m a t e r i a l which must be 
t r a n s f e r r e d t o the growing a x i s d u r i n g g e r m i n a t i o n . A 
p o s s i b l e r o l e f o r peptides i n these species should also be 
considered. 
I n a d d i t i o n t o b a r l e y , the embryos of s e v e r a l other 
c e r e a l s , maize, wheat, oats and sorghum, have been shov/n to 
absorb Gly-Sar i n t a c t , against a c o n c e n t r a t i o n g r a d i e n t 
( t a b l e 6.1). P r e l i m i n a r y experiments have i n d i c a t e d t h a t 
these species are a l s o able t o absorb p h y s i o l o g i c a l peptides 
and t h a t uptake shows an a c i d i c pH optimum, s i m i l a r t o t h a t 
of b a r l e y ( r e s u l t s not p r e s e n t e d ) . The s i t u a t i o n i n 
sorghum i s p a r t i c u l a r l y i n t e r e s t i n g . The major protease 
i n the endosperm of t h i s c e r e a l i s a p p a r e n t l y s p e c i f i c f o r 
peptide bonds i n which the c a r b o n y l group i s p r o v i d e d by an 
a s p a r t i c or g l u t a m i c a c i d r e s i d u e (Garg & Virupaksha, 
1970a,b). Thus, a l a r g e number of peptides w i t h C - t e r m i n a l 
a s p a r t i c or g l u t a m i c a c i d residues may be produced d u r i n g 
g e r m i n a t i o n , r a i s i n g the p o s s i b i l i t y t h a t a p e p t i d e t r a n s -
p o r t system s p e c i f i c f o r such peptides may e x i s t . 
The s t r u c t u r e of non-endospermic d i c o t seeds i s r a t h e r 
d i f f e r e n t from the monocotyledenous c e r e a l s ; the b u l k of 
the p r o t e i n reserves are l o c a t e d i n the c o t y l e d o n s . During 
g e r m i n a t i o n , p r o t e i n h y d r o l y s i s products enter the v a s c u l a r 
t i s s u e w i t h i n the c o t y l e d o n and are t r a n s p o r t e d d i r e c t l y t o 
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Table 6,1: Uptake of Oly-Sar bv Embryos 
or Cotyledons from Various Seeds 
Species Gly-Sar Uptake tyjm/g f r e ? h y t . ) 
B a r l e y 8-3 
Wheat 3.8 
Oats 8.0 
Maize 2 = 5 
Sorghum k .6 
Castor Bean 0.2 
Incubations were f o r 8h i n 2EM Gly-Sar, under standard 
c o n d i t i o n s ( s e c t i o n 2.3-D* Gly-Sar uptake was determined 
by embryo e x t r a c t i o n . 2*+h embryos were used, except f o r 
maize (n-8h) and c a s t o r beans (^foh c o t y l e d o n s ) . Each value 
i s the average of two separate d e t e r m i n a t i o n s . 
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the growing a x i s . There i s no a b s o r p t i v e membrane equiva-
l e n t t o the s c u t e l l u m . While l i t t l e i s known concerning 
the enzymes i n v o l v e d i n p r o t e o l y s i s i n these seeds, a number 
of f a c t o r s are r e l e v a n t when c o n s i d e r i n g a p o s s i b l e r o l e f o r 
p e p t i d e t r a n s p o r t . Thus, the b u l k of the n i t r o g e n e n t e r i n g 
the v a s c u l a r t i s s u e i s i n the form of amino a c i d s , p a r t i c u l a r l y 
asparagine or g l u t a m i n e (Capdevila & Dure, 1 9 7 7 ; KifVn & 
Lea, 1 9 7 7 : Kern K C h r i s p e e l s , 1 9 7 8 ) ; complete degradation 
to amino acids seems t o occur w i t h i n the c o t y l e d o n . I n 
some sp e c i e s , c o n s i d e r a b l e peptidase a c t i v i t y has been 
dete c t e d w i t h i n the c o t y l e d o n s , p r o v i d i n g f u r t h e r evidence 
t h a t p r o t e o l y s i s reaches completion i n s i t u (Ashton & 
Dahmen, 1 9 6 7 a , b , 1 9 6 8 ) . Thus, the o n l y p o s s i b l e r o l e f o r 
peptide t r a n s p o r t would seem t o be i n the c e l l - t o - c e l l 
t r a n s f e r of h y d r o l y t i c products across the c o t y l e d o n , p r i o r 
to e n t e r i n g the v a s c u l a r t i s s u e . Such a r o l e would r e o u i r e 
an uneven d i s t r i b u t i o n of peptidases throughout the c o t y -
ledon, such t h a t peptide h y d r o l y s i s occurs immediately 
p r i o r t o , or d u r i n g , e n t r y i n t o the vascular t i s s u e -
There i s as y e t no evidence f o r such d i f f e r e n t i a t i o n . 
I n the endospermic d i c o t s , epitomized by the c a s t o r 
bean, the b u l k of the p r o t e i n s torage reserves are l o c a t e d 
i n the endosperm. The cotyledons are adapted as 
a b s o r p t i v e organs, analogous ( p o s s i b l y homologous) t o the 
s c u t e l l u m (Kriedeman & Beevers, 1 9 6 7 a , b ) . S p e c i f i c sucrose 
t r a n s p o r t systems are l o c a t e d on the cotyledon s u r f a c e 
(Komor, 1 9 7 7 ; Hutchings, 1 9 7 8 n , b ) ; c l e a r l y , n i t r o g e n o u s 
tin f.eH I mil.'if. :i 1 rv be ,*i\yy.orbed• Af ' .nWi, I t In urielenr 
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whether the endospermic enzymes are able t o cleave the 
storage p r o t e i n s t o amino a c i d s , or whether p m i x t u r e of 
amino acids and peptides remains. The o n l y d e t a i l e d study 
of the proteases/peptidases was based upon a r t i f i c i a l sub-
s t r a t e s ( T u l l y & Eeevers, 1 9 7 8 ) , which may be m i s l e a d i n g . 
I t has been suggested t h a t glutamine i s the main 
nitrogenous compound absorbed by the cotyledons of c a s t o r 
beans (Stewart & Beevers, 1 9 6 7 ) • Thus, a number of amino 
acids ( a l a n i n e , a s p a r t i c a c i d , glutamic a c i d , g l y c i n e and 
s e r i n e ) are a p p a r e n t l y metabolized w i t h i n the endosperm, the 
n i t r o g e n being t r a n s f e r r e d t o glutamine and the carbon 
skeletons converted t o sucrose. Other amino acids may be 
absorbed d i r e c t l y by the c o t y l e d o n . However, as i n b a r l e y , 
i t would seem t o be more e f f i c i e n t i f neptides were t r a n s -
p o r t e d . I n an attempt t o t e s t t h i s hypothesis p r e l i m i n a r y 
experiments have so f a r f a i l e d t o i n d i c a t e the e x i s t e n c e 
of an a c t i v e p e p t i d e t r a n s p o r t system i n the c a s t o r bean 
c o t y l e d o n , although many p o s s i b l e e x p l a n a t i o n s f o r t h i s 
f a i l u r e may be advsnced ( r e s u l t s not pre s e n t e d ) . Under 
o p t i m a l c o n d i t i o n s f o r the b a r l e y peptide t r a n s p o r t system, 
there i s l i t t l e or no peptide uptake by c a s t o r bean c o t y -
ledons. Thus, i f a peptide t r a n s p o r t system i s present i n 
the c o t y l e d o n i t must be very d i f f e r e n t from the b a r l e y 
system. 
One f u r t h e r group of seeds w i t h an a b s o r p t i v e s t r u c t u r e 
s i m i l a r t o t h a t of b a r l e y are the conife r s , i n p a r t i c u l a r 
the p i n e s . Here, p r o t e i n i s s t o r e d i n the endosperm and 
must be absorbed by the cotyledons d u r i n g g e r m i n a t i o n . 
Again, i t might be more e f f i c i e n t f o r peptides t o be 
absorbed,rather than f r e e amino a c i d s . However, u n l i k e 
b a r l e y t h e r e seems t o be c o n s i d e r a b l e peptidase a c t i v i t y i n 
the endosperm of these seeds, suggesting t h a t h y d r o l y s i s 
might reach c o m p l e t i o n p r i o r t o a b s o r p t i o n by the c o t y l e d o n 
(Salmia <fr N i k o l a , 1975, 1976; Salmia £i al-* 1978). There 
are, of course, many o t h e r seeds i n which p e p t i d e t r a n s p o r t 
may be i m p o r t a n t . I n a d d i t i o n , a r o l e f o r peptides i n o t h e r 
p r o t e i n storage organs (e.g. t u b e r s ) might a l s o be considered. 
6.6.2.2.2 Peptide Transport During Senescence 
During the senescence of organs such as leaves, f r u i t s 
and f l o w e r s , p r o t e i n i s degraded and t r a n s f e r r e d from the 
senescing t i s s u e t o o t h e r regions of the p l a n t (Thimann, 
1978). L i t t l e i s known concerning the proteases/peptidases 
of senescing t i s s u e . I n senescing p e t a l s , proteases 
( M a t i l e # Winkenbach, 1971) and several peptidases (Sonanen 
& Carf a n t a n , 197t>) are a c t i v e , a l t h ough i n the absence of 
any understanding of t h e i r d i s t r i b u t i o n i t i s not y e t c l e a r 
whether a pool of peptides w i l l be produced. 
I n senescing oat leaves, the two most i m p o r t a n t enzymes 
are a carboxypeptidase and an endopeptidase ( D r i v d a h l & 
Thimann, 1977). I t has been claimed t h a t these two enzymes 
could r e s u l t i n the complete degradation of l e a f p r o t e i n s 
t o amino acids (Thimann, 1978), although the i n a b i l i t y of 
most p l a n t carboxypeptidas.es to handle- small peptides 
suggests t h a t a p e p t i d e pool might accumulate. The 
e x i s t e n c e of such a pool has been claimed i n senescing 
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b a r l e y leaves (Hendry & S t o b a r t , 1977). However, r e p o r t s 
of h i g h l y a c t i v e peptidases i n senescing leaves (Sopanen 
& L a u r i e r e , 1976), and the apparent absence of peptides 
from the v a s c u l a r t i s s u e s ( s e c t i o n 6.6.2-1), i n d i c a t e t h a t 
h y d r o l y s i s w i l l reach completion w i t h i n the senescing 
t i s s u e . Thus, a p o s s i b l e r o l e f o r peptides d u r i n g 
senescence remains t o be assessed. 
6.6.2.3 I n t r a c e l l u l a r Transport 
While the s u b s c e l l u l a r l o c a t i o n of most peptides and 
peptidases remains unknown, the e n t r y of i n t a c t peptides 
i n t o v a r i o u s o r g a n e l l e s must be considered. The p o s s i b l e 
a b s o r p t i o n of p e p t i d e s by p l a s t i d s , vacuoles, e t c . has 
been considered elsewhere ( s e c t i o n *+A.8). However, one 
f u r t h e r s i t u a t i o n i n which p e p t i d e t r a n s p o r t across an 
i n t r a c e l l u l a r membrane may be i m p o r t a n t , should be mentioned; 
the r e l e a s e of p r o t e i n h y d r o l y s i s products from p r o t e i n 
bodies, p a r t i c u l a r l y d u r i n g seed g e r m i n a t i o n . I n t h e b a r l e y 
endosperm, peptides must be t r a n s p o r t e d across the p r o t e i n 
body membrane unless the p e r m e a b i l i t y b a r r i e r presented by 
t h i s membrane i s r a p i d l y d estroyed. I n d i c o t s , p r o t e i n 
h y d r o l y s i s i s i n i t i a t e d w i t h i n the p r o t e i n body ( H a r r i s & 
Chr i s p e e l s , 1975; C h r i s p e e l s e_t a j , . , 1976; Nishimura & 
Beevers, 1978, 1979)> a l t h o u g h i t i s not known whether 
h y d r o l y s i s reaches completion or whether peptides are 
released across the membrane to be hydrolysed i n t h e 
cytoplasm. I n the mung bean, i t has been r e p o r t e d t h a t 
ol% h y d r o l y s i s occurs i n i s o l a t e d p r o t e i n bodies 
(Baumgartner & C h r i s p e e l s , 1977) a l t h o u g h t h i s might not 
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r e f l e c t the s i t u a t i o n i n v i v o * Aminopeptidase and BAPAase, 
both of which h y d r o l y s e small peptides i n b a r l e y ( s e c t i o n 
I . 3 A ) , are l o c a t e d i n the cytoplasm of the mung bean 
c o t y l e d o n , i n d i c a t i n g t h a t h y d r o l y s i s may be completed 
o u t s i d e the p r o t e i n bodies- Considering the r e l a t i v e ease 
w i t h which p r o t e i n bodies can now be i s o l a t e d , t h i s p o s s i -
b i l i t y deserves a t t e n t i o n . 
Thus, many s i t u a t i o n s can be envisaged i n which p e p t i d e 
t r a n s p o r t might serve an im p o r t a n t r o l e i n p l a n t t i s s u e s . 
I n the l i g h t of present evidence, such p o s s i b i l i t i e s should 
not be i g n o r e d . I n a d d i t i o n , c e r t a i n assumptions concerning 
the r o l e ( s ) of amino a c i d t r a n s p o r t might now be reexamined. 
The demonstration t h a t p e p t i d e pools may e x i s t i n p l a n t 
t i s s u e s a l s o p r o v ides p o s i t i v e support f o r a concept which 
has r e c e i v e d l i t t l e a t t e n t i o n i n the past, and the 
p o s s i b i l i t y t h a t peptide pools may serve s p e c i f i c f u n c t i o n s 
(e.g. r e g u l a t o r y ) w i t h i n the p l a n t c e l l should now be con-
s i d e r e d . I t i s t o be hoped t h a t t h i s study w i l l emphasise 
the need f o r f u r t h e r i n v e s t i g a t i o n s i n t o the r o l e ( s ) of 
peptides i n the n i t r o g e n metabolism and n u t r i t i o n o f p l a n t 
c e l l s . 
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APPENDIX 1 
ABBREVIATIONS 
Amino Acids and T h e i r D e r i v a t i v e s : 
Ac- a c e t y l -
ANA <x-naphthyl a c e t a t e 
DNS- d a n s y l - (1-dimethylamino-naphthalene-
5-sulphonyl-) 
GAB y-aminobutyric a c i d 
<Glu pyroglutamic a c i d 
- N H 2 -amide 
-OEt - e t h y l e s t e r 
-OMe -methyl e s t e r 
Sar sarcosine 
TNP- 2 , ^ , 6 - t r i n i t r o p h e n y l -
- 399 
Others: 
ABA a b s c i s i c a c i d 
ATP adenosine 5 ' - t r i p h o s p h a t e 
B A E E <x - N-benzoyl - L-arginine e t h y l e s t e r 
BAPA c x - N-benzoyl - L-arginine p - n i t r o a n i l i d e 
C C C P carbonylcyanide m-chlorophenylhydrazone 
DNP 2 , W i n i t r o p h e n o l 
GA g i b b e r e l l i c a c i d 
I A A i n d o l - 3 - a c e t i c a c i d 
PBS phosphate b u f f e r e d s a l i n e 
TCA t r i c h l o r o a c e t i c a c i d 
TNBS 2,*+,6-trinitrobenzene 1-sulphonic a d d 
t r i s 2-amino-2-hydroxymethylpropane-l,3-diol 
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APPENDIX P 
diagrams I l l u s t r a t i n g the Chromatographic 
Locations of the Dansvl-Peptides used 1n t h i s Study 
I n each diagram the l o c a t i o n s of 
s i x dansyl-amino a c i d s , glutamic 
a c i d , g l y c i n e , a l a n i n e , p r o l i n e , 
l e u c i n e and l y s i n e , are i n d i c a t e d 
as r e f e r e n c e p o i n t s . 
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ALANINE, GLYCINE, LEUCINE & VALINE HOMQPEPTIDES 
Va[2 CS^SLGU 2 
& § ^ L e u 
Val-
SS>Ala2 ® & > A l a 
<£$pAlac 
^ G l y 2 
Gly5 
Gly 
^ © G l u 
Lysi 
MIXED/NEUTRAL' P E P T I D E S 
Ala-Gly 
|Ala-Gly-Gl 
Val-Gly^ty 
@ ^ P r o 
ly-Ala 
Val-Gly 
Gly 
<SS>Gty-Ser 
^ ^ G l u 
S8S 
Leu 
Gty-Ile 
r 
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LEUCINE & PROLINE PEPTIDES 
Ala-Pro 
P r o - V a t ^ ^ 
'Pro 
Phe-Pro Prq-Tyr 
Leu 
C^^Pro-Gly Gly-Gly-Leu_ ^ia L^e,Gnriy"-eu 
Gly-Gly-Pro 
r 
CHARGED' PEPTIDES 
P r ° ® § Leu 
Ala-His 
Gly-Asn<SS^) 
Gly-Ser 
Glu-Glu 
Ala 
® 8 » G l y 
Glu-Ala 
yat-Asp 
Gly-Glu . 
Gtu 
Gly-Asp 
Lys 
Phe-Glu«§^ 
G t u - L y s ^ 
Asp-Phe 
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PEPTIDES WITH UNUSUAL LINKAGES 
VairB-Ala 
.^^Gly-Gly-B-Ala 
•Ala-Ala 
i_Sar ^ A l a 
ily-Sar-Sar 
Gly-Sar-Sar-Sar 
® & G l y 
<£^j-Glu-Ala 
£-Asp-Ala 
Pro 
G A B - H i s ^ 
N-SUBSTITUTED PEPTIDES 
Sar-ala 
propyl-Gly <SSisobutyl-Gly 
)ropyt-Oy2 <^isobutyl-Gly 2 
^ «SS>butyl-Gly3 
S a r ' G l ^ isopropyl-Gly2 
<S^Sar-Gly-Gly isobutyl-G^ L y s ^ 
Sar-lP ^ G l y 
Glu 
r 
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UNIDENTIFIED DERIVATIVES & C-SUBSTITUTED PEPTIDES 
DNS-e-LYS & -o-TYR U f ) k n o w n 
^ A l a 3 - 0 M e Gly-Tyr-NH, 
Glyo-OEt© Unknown E < S S 
G l y 2 - N ^ Gly-Leu-NH2 Asp-Phe-OMe 
^ & § & A l a 
DNS- £-Lys ^ D N S - o - T y r ' 
Gly <®Unknown 6 
(orange) , 
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APPENDIX 3 
E f f e c t of Varying Concentrations of 
a ^Qn-CpfflpstfiUve I n h i b i t o r Transport 
Assume t h e uptake of substance A i s mediated by a 
s i n g l e t r a n s p o r t system, the k i n e t i c s of which f o l l o w the 
Michael!s-Menten equation-
Let v 0 be the r a t e of uptake i n the absence of an 
i n h i b i t o r and be the r a t e of uptake i n the presence 
of a non - c o m p e t i t i v e i n h i b i t o r , I . 
From the Michaelis-Menten equation we get 
K t + [A] 
V i = V M(Aj 
( K t + [ A ] ) ( l + JJL) 
where [I] i s t h e c o n c e n t r a t i o n of i n h i b i t o r and and 
are t h e M i c h a e l i s c onstants of the s u b s t r a t e (A) and the 
i n h i b i t o r ( I ) , r e s p e c t i v e l y . 
- 1*06 
v M W 
K t + [A] 
1 -
1 + i l l 
K i ' 
But V M [A] 
K + + [Al 
= v. 
"° - " i = i - i 
V 0 
v 0 - V i 
1 - 1 
l + JIL 
= E + i 
ti] 
i . I i = "ST*1 K, + 1 
v o 
As K± i s a c o n s t a n t , t h e I n u i - C h r i s t e n s e n p l o t , 
, vs 1 w i l l be l i n e a r , c r o s s i n g t h e o r d i n a t e 
1 - I I 
v_ 
at 1 . 0 . This i s s i m i l a r t o t h e p l o t o b t a i n e d i n t h e 
presence of a c o m p e t i t i v e i n h i b i t o r ( s e c t i o n 3 * l - 3 » 8 ; I n u i 
& C h r i s t e n s e n , 1966). However, t h e slope i s dependent 
o n l y upon K j , and i s independent of K t and [A] • Thus, i n 
t h e case of n o n - c o m p e t i t i v e i n h i b i t i o n , the I n u i - C h r i s t e n s e n 
p l o t w i l l be independent of t h e t r a n s p o r t s u b s t r a t e . As 
k07 
d i f f e r e n t slopes were obtained e x p e r i m e n t a l l y , f o r the 
i n h i b i t i o n of Gly-Sar and Gly-Sar-Sar by d i a l a n i n e , and 
f o r the i n h i b i t i o n of Gly-Sar and Gly-Sar-Sar uptake by 
t r i a l a n i n e ( f i g s . 3 . 1 2 and 3 * 1 3 ? s e c t i o n 3 . 1 . 3 . 8 ) , i t 
seems t h a t the i n h i b i t o r y e f f e c t s of d i - and t r i a l a n i n e 
on t r a n s p o r t are not compatible w i t h simple non-
c o m p e t i t i v e i n h i b i t i o n . 
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APPENDIX 1* 
Rate of N i t r o g e n T r a n s f e r from the Endosperm 
t o the Embryo During Germination of 
B a r l e v G r a i n s 
The maximum r a t e of n i t r o g e n t r a n s f e r from the endosperm 
t o the embryo of b a r l e y g r a i n s d u r i n g germination i s about 
150 j j g n i t r o g e n / g r a i n / d a y (Metevier <3c Dale, 1 9 7 7 ) • Using 
the u s u a l c o n v e r s i o n f a c t o r ( 6 , 2 5 ) ? t h i s i s e q u i v a l e n t t o 
9W0^ Jg p r o t e i n / g r a i n / d a y . Assuming t r a n s f e r occurs e n t i r e l y 
as t r i p e p t i d e s ( w i t h an average molecular weight of 3 2 0 ) , 
t h i s gives a maximum r a t e of t r a n s f e r of about 2.9|un p e p t i d e / 
grain/day. 
The c o n c e n t r a t i o n of peptides i n the endosperm i s a t 
l e a s t 3mM ( t a b l e 5 * 9 ) . The r a t e of t r i a l a n i n e uptake a t 
t h i s c o n c e n t r a t i o n i s about 5-Ojun/g f r e s h wt./h ( f i g . 3 » 7 ) 
and most other peptides seem t o be t r a n s p o r t e d at s i m i l a r 
r a t e s . One embryo weighs about lOOmg at day 3 of germina-
t i o n ( t a b l e 5 » D - Thus, the r a t e of peptide t r a n s p o r t i s 
about 0 . 5|im/grain/h 
= 12 jJm/grain/day 
Peptide t r a n s p o r t t h e r e f o r e occurs at a more than 
adequate r a t e t o account f o r t he complete t r a n s f e r of 
n i t r o g e n from t h e endosperm t o the embryo d u r i n g g e r m i n a t i o n . 
- *f09 -
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